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Abstract
IB.'SjJ'MT LBfft KiSTt^Cni^rUiSZa
an account of the morphology of the hop plant (Hrmmlus
lupulus I»«), and a brief history of the use of hops in the
brewing of beer® The chemistry of the humulinic acids is
outlined from the isolation of humulinic acid A to that of
humulinic acids C and D©
♦
To achieve a rational synthesis of humulinic acid C,
»
which was the main object of the study, it appeared that 
it would first be necessary to synthesise the tetrahydro- 
furan, ethyl 2,2~dimethyX«*5«ethoxycarbonyl-5™tetrahydro-» 
furylacetate. Two approaches were made to the synthesis of 
this vital intermediate®* One involved incorporation of the 
5|5“diester group into a reaction scheme before the tetrad- 
hydro fur an ring was formed, whilst the other, was to prepare 
a tetrahydrofuran with the 5“*P°sition suitably disubstituted 
so that a further reaction would then afford the required 
intermediate. The former approach was unsuccessful while 
the latter was partially successful in that a number of 
5 ,5-tiisubstituted 2,2-dimethyltetrahydrofurans were prepared.
An, introduction to hops is presented which includes
2
Attempts to eon vert 2 9 2«* dim e t hyl*»5“e thoxyine t hyl-JJ-e t hoxy- 
e thy It e t rahy dro f uran to the required diester tetrahydro*» 
furan were unsuccessful* •
Humulinic acid C was prejjared by degradation of 
humulinic acid A which had been obtained from hop-oil
jhumulone© Degradation of humulinic acid G afforded ethyl 
2s2*»dimethyl-5“*ethoxycarbonyltetrahydrofur ylacetate which 
was then degraded two steps further to yield 2,2—dimethyl- 
5™ethoxyethy3..“5~etho:>cyraethyltetrahydrofuran (which had 
also been prepared by a synthetic route)© The p®ra*r® 
spectra of the two compounds were the same confirming 
that they.were identical in structure®
Further suggestions for the synthesis of the diester 
tetrahydrofuran are also made©
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Chapter One
Introduction.
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C h a p te r  One -  S e c t i o n  I  -  H ops.
Hops, the cones of the female plant of the species, Humulus 
lupulus L», which is included in the family Cannabinaceae [l], 
are grown throughout the temperate regions of the world to meet, 
the demands of the brewing industry.
The family, Cannabinaceae, comprises only two genera — Humulus 
and Cannabis: Humulus is represented by two species- the Common 
Hop ( Humulus lupulqug L.) and the Japanese Hop (Humulus .japonicus 
Sieb. and Zucc.). The genus Cannabis is represented solely by 
Hemp ( Cannabis sativa L„).
All cultivated hops are varieties of Humulus lupulus ; two of 
its wild forms from North America have been named H.americanus 
and H.neomexicanus and an Asiatic variety, Ho.cordifolius, but 
all these are now generally considered to be varieties of 
H.lupulus.
The Japanese Hop is an annual plant resembling the Common Hop 
in growth and appearance; its cones, however have no brewing 
value.
The value of hops for flavouring and preservation -of beverages 
appears to have been recognized in the twelfth century. Beer 
was first introduced to Britain in 1400 A.D., having been 
imported from Flanders to Winchelsea C2]* Hops do not appear 
to have been grown in Britain until the early part of the 
sixteenth century, however they were imported towards the 
middle of the fifteenth century.
9
Originally, hops were used by the brewer not because their 
flavour was liked but because they protected his product against 
bacterial spoilage* By thus providing beer which would survive 
transportation to a wider market, hops played a vital role in 
the development of large scale brewing [33•
To the brewer, the important part of the hop cone is the yellow 
lupulin found in glands at the bases of the bracteoles and 
on the periahth-cf the flower (fig I). It comprises about 
one-fifth by weight of the dry cone and contains virtually 
all the preservative and flavouring agents* Chemically these 
fall into two distinct groups; the resins, and the essential 
oil* Although both have flavouring qualities, the characteristic 
bittering and preservative value resides only in the resins,, 
and the aroma only in the essential oil*
At harvest, hops contain about 80% of moisture which is 
reduced to about 10% by drying them in a kiln with a current 
of air at 60-8*5°, when it is normal practise to burn rock 
sulphur in the fire to bleach the hops. After drying, the 
hops are normally stored at 0° until they are required for 
use.
In the brewing process, sweet wort is prepared by mashing a 
mixture of ground malt with water so that the enzymatic 
degradation of starch to the soluble sugars, glucosemaltose, 
and raaltotriose occurs. This sweet wort is then boiled v/ith 
hops at a rate of 0*5-1 lb/36 gallon barrel for 0*5-2 hours 
in a copper kettle vented to the atmosphere* The hops may 
all be added at the start of the boil, in which case the
1 0
F i e . ( I ) .
1 1
j
i
bulk of the essential oil will be lost, or a portion may be 
reserved and added towards the end of the boil* In order to 
add aroma to their beers, British brewers add a proportion of 
"dry hops" to their finished beers, either in casks or 
conditioning tanks. After the wort has been boiled with hops, 
it is filtered and cooled, and yeast is added to ferment the 
sugars to ethanol. When the fermentation is complete, the 
yeast is removed and the beer conditioned before sale either 
in casks or bottles.
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C h a p te r  One - S e c t i o n  2 -^ .C hem ica l C o m p o s i t io n  o f  H ops*
Howard 8.4], gives the following approximate composition of 
air-dried hop cones®
%
Water 10
Total resins 15
Essential oil. 0*5
Tannins 4
Monosaccharides 2
Pectin 2
Amino acids 0®1
Protein 15
Ash 8
Cellulose etc. 43*4
100.0
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C h a p te r  One -  S e c t i o n  3 -  Hop R e s in s .
The chemistry of hop resins has been recently reviewed by 
Stevens[5]> earlier reviews have been by David [6], Howard £4], 
Heilbron C?], Hassall C8], and Riedl [9].
Depending upon variety and conditions of growth, 
commercial hop samples contain between 10 and 20% of total 
hop resin, which is a complex mixture of substances.
The total resin is officially classified ClO], into two 
main divisions, the total soft resin, and the hard resin, 
which are defined on the basis of their solubilities in 
organic solvents; the total soft resin being further 
divided into the alpha-acids, the beta-acids and an 
uncharacterized soft portion (Fig.II). The chemical 
composition of about half the resins remains unknown.
[ That portion of the ether 
extract soluble in cold 
methanol or that portion of 
the cold methanol extract
soluble in ether®]
T o t a l  R e s in
Total Soft Resin
( Soluble in low boiling 
paraffinic hydrocarbons)
-Alpha-acids ( Humulone and its analogues)
-Beta-acids ( Lupulone and its analogues) 
-Uncharacterized Soft Resin
Fig XI Composition and Nomenclature of hop resins*
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During the boiling period in the brewing of beer, the bitter 
and antiseptic powers are developed. Hop utilization is generally 
thought of in terms of bittering power derived from the hop 
resins. The efficiency of utilization would, therefore, be 
measured by the amount of bittering substances in the beer as 
a proportion of the potential bittering agents in the hop*,
The majority of the bittering substances of beer are not 
present as such in hops, but are formed from hop constituents 
during wort boiling. Although recent research has indicated 
the complexity of the bittering principles in beer derived 
from hops [1 1], the most important principles remain the 
isomerization products of the hop alpha-acids,  ^Fig III ).
Alpha-acids Iso-compounds
(5) R = i Bu (6) R = i BU
(7) R = i Pr (8) R = i Pr
F i g  I I I  -  T r a n s f o r m a t io n  o f  a l p h a - a c i d s  t o  is o -c o m p o u n d s .
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The iso-compounds account for much of the bitter flavour and 
antiseptic power conferred by hops on beer, and their presence 
favourably affects head retention. They are thus of importance 
and the curious situation exists that although the alpha— 
acids are themselves bitter and antiseptic they do not survive 
the boiling process in significant amount. Humulone besides 
its antibacterial properties inhibits the growth of certain 
fungi [12], and is toxic to animals, doses of 3 per kg of 
body-weight causing the rapid death of cats and rabbits [133«
The iso-compounds are bitter tasting oils which, in 
contrast to their parent alpha-acids, are very soluble in 
water and beer, ( 2000 parts per million in water at pH 4*5)[l4]. 
They inhibit the growth of gram-positive organisms such as 
lactobacilli which can cause beer spoilage, but gram-negative 
bacteria such as acetobacter and yeasts are unaffected [153*
Humulone (5) was long thought to be the only constituent 
of the alpha-acid fraction, but Rigby and Bethune Cl6] in 1932, 
in an investigation into the use of countercurrent distribution 
in the study of the bitter substances of hop origin in beer, 
found a second substance in the fraction referred to as 
Isohumulone (6). This substance they tentatively named 
isocohumulone (8). Four other compounds have since been 
isolated from the alpha-acid fraction [17], and their chemistry 
elucidated ( Fig IV)
17
RR alpha-acid
ch2 ch(ch5 ) 2 
ch(ch3)2
CH.(CH_)CH_GH_
5 a 5
CH2CH(CH3>CH2CH3 
CH2 (CH2 ) 3CH3
ch^ch^
CELCELCH,d d y
Humulone
Cohumulone
Adhumulone
Prehumulone
Posthumulone 
Unnamed
Fig IV - Constituents of Alpha-acid Fraction,
In 1904£intner and Schnell [18], isolated humulone as a 
pale yellow, bitter tasting,laevorotating enolic acid,mop.63°* 
They were unable to prepare any derivative other than its 
lead salt. Wollmer [19%. prepared the first organic crystalline 
derivative with 1,2-diaminobenzene. This derivative has been 
widely used for the purification of humulone. The complex, 
m.p.117°, shown by analysis to be a 1 :1 compound of humulone 
and the diamine, is completely dissociated in solution [20]. 
Alkaline hydrolysis of humulone [21], [22], afforded acetic
1 8
acid, isobutyraldehyde, an unsaturated aliphatic acid and 
humulinic acid ( now called humulinic acid A )„ On the basis 
of the chemical evidence, Wieland [231? [24], proposed the 
structure (1) for humulone. He had assumed, in view of the 
simultaneous production of isobutyraldehyde that the unsaturated 
aliphatic acid was 4-methylpent~2~enoic acid. Cook and Harris
[25] , identified this unsaturated acid as ^-methylpent-^-enoic 
acid, and this required Wieland's structure to be modified 
to (2). Carson [26], confirmed the structure (2), when, on 
ozonolysis of humulone he obtained 2 moles of acetone and 
no isobutyraldehyde#
Campbell and Coppinger [2 7 ]5 prepared a model compound 
of humulone, 1~acetyl-3“hydroxy-3?5“&ifflethylcyclohexane~
2,4,6-trione (3)? from dimethylphloroglucinol (4), and by a 
modification, Riedl [28], [29], [30], [3"t]» then synthesised 
humulone.
( 1 )
19
————Ik
( 2 )
( 3 )
( 4 )
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C h a p te r  One -  S e c t i o n  4 -  The H u m u lin ic  A c id s .
In 1925» Wieland [23], suggested that the degradation of 
humulone to humulinic acid (5)1 proceeded via a hitherto 
unrecognized intermediate which he formulated as (6).
( 6 ) ( 5 )
Two years later, Windisch,Kohl/bach, and Schleicher [32], 
investigated the products obtained by boiling humulone in 
buffer solutions. In particular, a study was made of the 
titratable acidity, and degree of unsaturation of the product 
formed by boiling humulone for a short time with dilute 
aqueous alkali. The results led them to postulate that the 
humulone had first been transformed into an isomeric substance 
for which the name, resin A, and Wieland's formulation (6), 
was adopted. This isomer was then thought to be degraded by 
alkali either directly to isohexenoic acid and humulinic 
acid (5), or to isobutyraldehyde and a resin B (7) which 
could then be hydrolysed to acetic and- humulinic acids. 
Subsequent work has failed to confirm the existence of 
resin B, although isobutyraldehyde is encountered regularly.
2 1
( 7 )
Verzele and Govaert [333? reported in 1947 that hydrogenation 
of the product obtained by boiling humulone with methanolic 
alkali yielded two crystalline products, which they claimed 
corresponded to the saturated derivatives of resins A and B.
The name isohumulone was suggested instead of resin A. The 
two crystalline products have since been shown to be principally 
the same tetrahydroisohumulone [34].
Carson [32], investigated the isomerization of humulone 
in methanolic potassium hydroxide and obtained a series of 
isohumulones, some of Which were oily, and some crystalline.
The name isohumulone A was reserved for the oily isomer isolated 
from beer but has subsequently been also used for the product 
of aqueous alkaline isomerization.
Examination of the bitter principles from beer by 
countercurrent distribution had established the presence of 
three iso-products [16], derived from the three major analogues, 
humulone, cohumulone, and adhumulone, present in the hop 
alpha-acid fraction [36]. The distribution pattern shown by 
the bittering principle and by the isohumulone obtained by
2 2
alkaline isomerization were identical, but about 15% broader 
than the calculated distribution curve [37]• Tt was later 
shown that two theoretical distribution curves could be fitted 
into the pattern obtained [38]* By means of reversed phase 
chromatography, Spetsig [39], demonstrated that the product 
of boiling humulone in a buffer solution at pH 5-1? gave 
rise to two separate peaks whereas the bittering principles 
of beer gave rise to five or six peaks [4o]„
It was thus suggested that each analogue of the alpha-acids 
gave rise to two isomers of the corresponding iso-compounds*
In a similar manner isohumulone A is resolved into two spots 
by reversed phase chromatography [38]* These have not yet 
been separated on a preparative scale, but, it was argued, 
if this evidence was correct, that hydrolysis of humulone 
should yield two isomers of humulinic acid. Only one isomer 
had been isolated in earlier studies [22],[41%
From the work of Carson [35]» and- Harris, Howard and Pollock 
[4-2] , Anteunis and Verzele [43] suggested that there must be 
two isomers of humulinic acid, (.5) and (8).
(5) ( 8 )
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In an attempt to isolate the second isomer they refluxed 
humulinic acid in 0.5$ aqueous alkali and recovered over 90% 
of the unchanged material. From the mother liquors they obtained 
9% of a fraction, m«,p9 58-65°, but they were unable to purify 
this material by fractional recrystallisation. However 
treatment of this with alkali reafforded the higher melting 
humulinic acid in 91% yield.
This humulinic acid, m.p* 92°, was called humulinic acid A, 
and the lower melting material humulinic acid B. Later, [44], 
humulinic acid B was obtained in a pure form m*p. 75°1 hy a 
lengthy countercurrent distribution procedure. Burton,
Elvidge and Stevens [45], found a more convenient route to 
humulinic acid B. Oxidation of humulinic acid A with bismuth 
oxide afforded dehydrohumulinic acid (9).
Reduction of this cyclopentanetrione with sodium borohydri.de 
afforded entirely humulinic acid B, m.p. 73-4°.
24
E = CH2'Cb'(CH3 )2
( 10 )
H
( 1 1 )
On the basis of the p.m.r# spectra of the two isomers, 
these workers assigned the 4,5-trans (10) and the 4,5-cis (1 1) 
configurations to humulinic acids A and B respectively#
The results of the pm#r# spectra are given in table I#
25
1T a b l e  I .
p.m.r.results for 10% solutions in CDCl^ containing 0.2% SiMe^. 
T values ( J, c/sec.)
Humulinic Acid
A B. Intensity
(splitting)
Assignment.
9.00(6.5) 9.01(6.5) 6(doublet) Me^ of isovaleryl chain
7.80 7.82 1 (multiplet) CH of isovaleryl chain
7.20 7.22 2(ca.triplet) CH^ of isovaleryl chain
8.29 8.39 6 Me^ of isopentenyl chain
4.^(7) 4.85 1 (ca.triplet) CH of isopentenyl chain
7.47 7.58 2(ca.triplet) CH^ of isopentenyl chain
7.18 6.85 1 (double doublet) 5-H
5.83(4.5) 5.58(7.5) 1 (doublet) 4-H
0.68 0.80 2(ca.1.5ppm broad) 4-OH and enol
(the positions 
were concentration 
dependent)
The cyclopentenolone ring of humulinic acid A must be effectively
planar with the substituents at and eclipsed. The 4.5c/seo.
splitting of the 4-H points to a dihedral angle of 120°
between the 4- and 5- hydrogens [46], so that humulinic
acid A has the trans-configuration (10).
Humulinic acid B gives a similar spectrum except that
the 4- and 5“ proton signals are at lower field ( so that the
4 55-H- signal is unobscured) and J is 7.5c/sec. This coupling 
points to a dihedral angle of 0° between the 4- and 5-hydrogens
[46], and so to a cis-configuration (1 1).
2 6
In a recent paper [52], the separation of humulinic acid A 
into its enantiomorphs has been reported. On mixing solutions of 
racemtc humulinic- a®id A and (-)a-plienyl<ethylnnriiie in warm 
acus ton e, on a male per half.-mole bajs.iis, the crystalline 
(-)humulinic acid A (-)a-phenylethylamine salt crystallised 
out. With (+)a«phenylethylamine the (+)humulinic acid A 
(+)a-phenylethylamine salt can be obtained. The nup# of the 
pure enantiomorphs is 64° itfhile the isolated (+)humulinic acid A 
had [oc]^  = 28003° in methanol and (-)humulinic acid A had
[a]j = -28.36° in methanol.
During an attempt to prepare humulinic acids A and B in 
large amounts from humulone, Verzele [44], also encountered 
two further isomers of humulinic acid. The isomerization 
mixtures of alkali-treated humulinic acid A were poured into 
an excess of hydrochloric acid solution and -the ether extract 
chromatographed on a silica gel column. This revealed the two 
new compounds, humulinic acids G and D, (12) and (13), which
were finally by means of countercurrent distribution
technique. The yield of humulinic acid G obtained by this
( 1 2 ) (13)
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method was quite lowQ An improved yield was obtained by boiling 
humulinic acid A in acidic methanol for eight hours but a 
lengthy countercurrent distribution procedure was necessary 
to obtain the pure material.
During a systematic study of the effect of perchloric 
acid on hop constituents, Burton, Elvidge and Stevens [47] 
also encountered humulinic acid C# By treating humulinic acid A 
with perchloric acid in glacial acetic acid, at room temperature, 
they obtained a $4% yield of humulinic acid C, isolated by 
high vacuum distillation® Its identification, from ultraviolet 
spectra, published by Verzele [44], was confirmed by comparison 
with a sample made by Verzele's method.
o / —4'Humulinic acid C is a pale yellow oil, b.p. 125-30 /10 mm, 
with a similar light absorption [5] to humulinic acids A and B 
( Table II ), and therefore contained the same enolized
Table
?\max
II
(€>
Humulinic Acid Acidic Ethanol Basic Ethanol.
A A 226(11,200) 266(9300) 257(20,700) 266sh(12300)
B 226(10,500) 266(9300) 257(20,000) 266shd6900)
C 225(10,400) 264(7650) 251(18,900) 265(15600)
tricarbonyl chromophore system, but lacked s-hydroxyl 
absorption in the infrared region. It did not react with 
iodine or absorb hydrogen over palladium-bariura sulphate 
catalyst, so there was no side chain double bond.
2 8
From these results and particularly from degradation 
experiments, it became clear that humulinic acid C had the 
structure (12). The p.m.r. results which are given on 
Table III, were not at first capable of full interpretation^/]
Table III
p.m.r. results for 5-10% solutions in CDCl^ containing 0.2%SiMe^
T values (J c/sec.)
(12) (14) Intensity(splitting) Assignment
9*02(6) 6d Me^of acyl chain
8*75(7) 3t CELof CIIoC00CHoCH,
8.70(7) 3t CH_of —C00CHoCHi_3 2 3
8.6? 8.73
8 . 6 1  8 , 6 7
6s Me0Cs 2
7o95 4 CH2CH2of tetrahydro-
furan ring.
7-97 5 CH2CH2of tetrahydro-
furan ring and CH of 
acyl chain.
7.46(20,2) 1dd CH?C0 of cyclopentan*
7.03(20) 1d edione ring
7.17 2s CH2C00-
7.19 2 d,A2 part of CH^CO of acyl
A2Bj chain.
5*8(7) 2q ester CI-Ip of
ch2cooce2ch3
5*85(7) 2q CH2of-C00CH2CH3
"4.2 1(breadth 0„4ppm) enolic OH.
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Seduction of the acyl side chain of humulinic acid C 
and examination of the p.m.r, spectrum of the product 
afforded strong support for the spiro structure (12) for 
humulinic acid C. Further support came from a periodate 
oxidation of humulinic acid C which afforded a carboxylic 
product isolated as the liquid diester (14). This material
(14)
gave a p.m.r. spectrum clearly in accord with the expected 
tetrahydrofuran constitution (14), showing lines at t8«73 
and 8*67 from the non-equivalent geminal methyl groups 
adjacent to oxygen and a near symmetrical pattern centred 
at T7.97 from the 3" and 4-methylenes of the ring. The 
remainder of the spectrum of the diester consisted of two 
sets of lines from the ethyl ester groups and a 2-proton
singlet at T7.17 from the methylene attached to the 5~ 
position of the tetrahydrofuran ring.
When the structure (12) for humulinic acid C had thus 
become clear, full interpretation of the spectrum of humulinic 
acid C became possible,as follows;
The doublet at T9.02 was assigned to the isovaleryl
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methyl groups, and the signal from the Ch of the isovaleryl 
chain included in the multiplet, arising from the methylenes 
of the tetrahydrofuran ring, centred at approximately 
t?*97* The remaining lines, near T7, were assigned to the 
methylene groups adjacent to carbonyl in structure (12).
The methylene group of the isovaleryl side-chain was expected 
to give rise to the distorted approximation to a doublet 
( the A2 part of an A^B system) which was a characteristic 
feature of the spectra of previously examined compounds of 
this series of enolized tricarbonyl compounds [48],[4-9]o 
Graphical subtraction of this feature from the spectrum 
left lines which were attributed to the 5-methylene protons® 
These formed an AB quartet, ( in Table II the signals from 
these methylene protons are given as a separate signal for 
each proton, a double-doublet and a doublet), in which the higher 
field pair of lines showed additional doublet splitting.
The spectrum of cohumulinic acid C (1 5 ) gave a spectrum
( 1 5 )
which showed, unobscured, an analogous pattern of lines in 
T7 region. In each case the small splitting is attributable
31
to long~range coupling with a proton at C-3 of the tetrahydro­
furan ring.
The formation of humulinic acid C (12) from A (10) appears to 
involve hydration of the isopentenyl double bond, elimination 
of the s-hydroxyl group, isomerization of the carbonium 
intermediate, and cyclisation C50]"
V
( 10 )
OH
The fourth isomeric humulinic acid, D, is an unstable oil 
most conveniently isolated as its methyl ether, m.p.57°.
The parent acid is converted quantitatively into humulinic 
acid C by both acidic and basic reagents, and investigation 
of the proton magnetic resonance and the mass spectrum show 
it to have the structure (16T), corresponding to one of the 
intermediates in the proposed scheme for the formation 
of humulinic acid C [51].
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iBu
(16)
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The Attempted Synthesis of 1 ,4-Bisbenzyloxybutan~2~one0
C h a p te r  Two.
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Chapter. Two - Section 1 - Introduction.■**»»«; ■ iiw>iiw.i«nw.umiam wm«i‘ . ■,<l »nw"»rmi»-mu-»-«'■' 'twin »
At first it was not possible to interpret fully the p»m.r0 
spectrum of humulinic acid C. Nevertheless the spectrum made it 
clear that a tetrahydropyranocyclopentanedione structure, 
suggested by the. preliminary chemical and other spectroscopic 
results, was quite untenable. When, particularly as a result of 
further degradation experiments, a possible structure (1) for 
humulinic acid C emerged, an interpretation of the p.m.r. spectrum 
was achieved. Although the evidence for the structure was then 
reasonably good, it could not be regarded as absolutely certain 
(because degradation evidence can be misleading), and it therefore 
seemed desirable to achieve a rational synthesis of humulinic 
acid C«
If' the diester (2), ethyl. 2-ethoxycarbonyl~5,5-dimethyl- 
2-tetrahydrofurylacetate, could be prepared, then it seemed 
likely that the reaction scheme outlined in Fig.I could be 
achieved.
The carbanion of (3) can be formed quite easily as 
the a-methylene of ethyl 5“fflethyl~3,-oxohexanoate is active.
Ethyl. 5-methyI-3-oxohexanoate can be prepared by an aeetoacetic 
ester condensation of methylisovalerate and ethyl acetate[l3* 
Isovaleric esters fail to undergo the aeetoacetic ester 
condensation in the presence of sodium alkoxides, even under 
forcing conditions [2], and therefore, oan be used as suitable 
acylating components in mixed ester condensations.
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v
CH_
3 X\  X
CH- X  N
CH COOC H 
d  d  3
COOC_H_ 
2 5
( 2 )
Na CH
^COOCgH
coch2cii(ch^)2
(3)
CH
CH.X o  '  '
CH_COOC-H_
2 2 5
^COOC H 
COCH d 5
X COCH CH£CH_)_ 2 5 2
(4)
CI-L
CH.
^  CH2C0<j!HC0CH2CHCCH3) 2
\  C00C2H5
X COOC-H- 
2 5
(5)
(4)or(5)
CHX
CHX
%  X  
0
CD
0 0 H.
J
<0H
Figo(I) Scheme for synthesis of humulinic acid C.
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An easier preparation of the {3-keto ester resulting in much 
higher yields, has been described by Brandstrom [?]• Reaction of 
methyl isobutylketone with diethyl carbonate and sodium afforded 
ethyl isovalerylacetate in 75% yield (based on ethyl acetate).
The condensation of (3) and (2) should afford (4) and (5)* 
Either (4) or (5 ) could then be made to undergo a Dieckmann 
reaction to afford humulinic acid C. The mechanism of the Dieckmann 
reaction [4], as shown in fig (II) is intramolecular for a
1,6-diester of the type (4) or (5^ 0 The second requirement is 
that one of the ester groups nrnst have an alpha hydrogen, and 
both (4) and (5 ) have.
2 'v'C0CHoCH(CH_)_ 2 3 2
(4)
F i g ( I I )  Mechanism o f  th e  D.ieckmann R e a c t io n
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CH.
CH.
l l
0
COOH
C0CHoCH(CH_)„c. 5 <~
-CO
/X
CH. + CO. T
Fig(II) contd. Mechanism of the Dieckmann Reaction®
For synthesis of the diester (2), oxalacetic ester seemed 
to be an obvious starting material. However, a Grignard reaction 
between the magnesium derivative of 4~chloro~2-methyl-2~ 
tetrahydropyranoxybutane and the keto group of oxalacetic ester 
to produce (6) would not take place, evidently on account of 
the high degree of enolization of the keto-ester. Reference to 
the literature showed that Shoolery, Kumler and Kun [5]? Bad 
examined the p.m.r. spectrum of oxalacetic ester and found that
COOCLH™
\ 2 5 
o o
/CH^COOC H 2 2 r>
CH,
\ 3+ ClMgCH_CH_C-CH_2 2 j 5
OThp
Thp= Tetrahydropyran,
CH, COOC^H,i 3 | 2 5
-> CH_C~CHoCH_C-CH_C00C_H 3 , 2 2 , 2 2 5
OThp OH
( 6 )
the neat liquid contained 79% of the enol form to 21% of the 
keto form [5]*
0= C
CH_C00CoH / 2 2 5 CHC00C_H_ / 2 5
HO -  C
\
cooc2h5
keto
\C00CoH 2 5
enol
It was, therefore, considered that if the tetrahydrofuran (7) 
could be prepared, then oxidation of this dihydroxy compound 
should lead to the dicarboxylic acid (8) which on esterification 
should yield the required diester (2)
CH s I IxCHgOH 
CH^/ U \CH2CH20H
(7)
C00H
v' CHpCOOH
H
CoH_.0H2 5
However, as the usual method of synthesising both tetrahydro- 
furans and -pyrans is the acid catalysed dehydration of a $fand 
glycol system, it was thought that it would be difficult to' 
prepare (7) from (9) without first protecting the hydroxyl groups
a t  C^ and Cg.
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the experimental requirements. If the diether (10) could be
prepared, then the substituted tetrahydrofuran (1 1) could be
obtained by the acid catalysed dehydration of the 2,5-diol.
system (10) ^
CI-L, CHr- CH- CH.CH OCH.CX3v / 2  2k /  2 2 2 6 5
N r  V
/  \  /  \CHI OH HO CH-OCH C^ -H-3 2 2 6 5
( 1 0 )
The b e n z y l  g rou p  was ch osen  as  b e in g  th e  most l i k e l y  one t o  meet
Cleavage of the benzyl groups of (1 1) either by hydrogenolysis [6], 
or by acid catalysis [?], should then result in the formation of 
the dihydroxy tetrahydrofuran (?)» Burwell. [8], states that 
sulphuric acid is not 'of much use in thv cleavage of ethers so 
therefore it appeared possible to obtain (1 1) from (10) by 
acid-catalysed dehydration without removing the ether protecting 
groups.
Favorskaya [93? [10] and [1 1], in cu study of the mechanism 
of the dehydration of gamma glycols has shown that the primary 
product of dehydration is an unsaturated alcohol which then 
isomerizes to the tetrahydrofuran.
I I v  | V-C —  CH2~CH2— C -  * /C«CHCH2C -   ^ y
o
OH OH OH
The reaction scheme as outlined in Fig.III. was then proposed for
the synthesis of 5i5-dimethyl-2-benzyloxyethyl-2~benzyloxymethyl-
tetrahydrofuran (1 1).
(a) CKC=CCH C H r C s C -  CH CHr-CHx— COCHI 2 I 2 ------| 2 j 2 -----f  | 2 2 1 2
O H  O H  O C H 2 C 6 H 5  O C H 2 C 6 H 5  ° C H 2 C 6 H5  ° C H 2 C g H 5
( 1 2 )
(b) ch2=chcooc2h5 — } cich2ch2cooc2h5 — > cich2ch2c(ch )2
OH-
•> C1CJT CH0C(CH,)„
d d j 5 2
OThp
Thp = tetrahydropyranyl,
(c) CIMgCH CH C(CH_) 0=CCH CH-OCH-C^EL2 d j 5 2 + { 2 2 2 6 5  v
OThp CXOCH CAU — ^2 2 6 5
Fig. III.
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Fig.IlI (contdc)
The diether, 1,4-bisbenzyloxybut~2-yne has been twice 
reported in the literature [12], [13]* I*1 each case the diether 
had been obtained as a side-product in the preparation of the 
mono-benzyl ether. Modification of the method used by Dupont [12], 
resulted in a reasonable yield of the diether. One mole of 
2-butyne 1,4-diol was refluxed with two moles of sodium ethoxide 
in ethanol. The solvent was replaced with toluene and the mixture 
was treated at the higher reflux temperature with two moles of 
benzyl chloride. Work up of the reaction mixture afforded,
1,4-bisbenzyloxybut-2-yne (71g) and 1-ben&yloxy~4-hydroxybut- 
2-yne (30g). The monobenzyl ether on treatment with benzyl 
chloride, was converted in a 60% yield to the diether.
The next step in the reaction scheme was the hydration of 
the triple bond of the 1,4-bisbenzyloxybut~2-yne. In 1953?
Hennion [14] reported the preparation of 1,4-diethoxybutan-2-one 
by the catalytic hydration of 1,4-diethoxybut~2-yne using red 
mercuric oxide, sulphuric acid and aqueous ethanol. Using these 
reagents and the same conditions as Hennion, the preparation of 
the 1,4-bisbenzyloxy compound was attempted. The only identifiable 
product from the reaction was benzaldehyde which was recognised 
from its infrared spectrum and from the 2,4-dinitrophenyl- 
hydrazone derivative. The remainder of the residue in the 
distillation decomposed to a black solid at an oil bath temperature 
of 238°. The reaction was repeated using yellow mercuric oxide
instead of red but the volatile product from the reaction was 
benzaldehyde, as before. On attempted distillation the residue 
decomposed as the oil bath temperature was increased.
Raphael [15], mentions the use of mercuric acetate in aqueous 
solvents as a less drastic method for the hydration of acetylenes, 
not involving the use of mineral acid. The intermediate mercuric 
complex (13) can be converted to the corresponding ketone by 
treatment with hydrogen sulphide.
The 1,4-bisbenzyloxybut~2-yne was refluxed with a 5% aqueous 
ethanolic mercuric acetate solution, and, after being cooled, 
the mixture was treated with hydrogen sulphide. Two products 
were obtained from the distillation of the residue after work 
up of the reaction and removal of the solvent. They were, 
benzyl alcohol and 1,4-bisbenzyloxybut-2-yne (50% recovery)®
The benzyl alcohol was identified from its infrared spectrum 
and comparison with an authentic spectrum.
Next, the use of previously prepared mercuric sulphate 
for the hydration of the acetylene was investigated. Thus 
a solution of 1,4~bisbenzyloxybut~2-yne in 90% ethanol was 
added to a 20% solution of mercuric sulphate in 5% aqueous 
sulphuric acid. The mixture was stirred for nineteen hours
2H2S C0CH2~- + 2HgS
+ 2CH-C00H 
5
(13)
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way a product was obtained whose infrared spectrum showed a
-1strong absorption in the 1720cm region© Analysis of the 
p.m.r. spectrum of this material showed it to be the impure 
ketone, 1 ,4-bisbenzyloxybutan-2~one ( the results of the 
p.m.r© spectrum are given in the experimental section)«
The yield of the impure ketone was low, 3%? and none of the 
starting material was recovered from the reaction mixture© 
Redistillation of the product did not improve the purity of 
the sample© The reaction was repeated and the concentrations 
of mercuric sulphate and sulphuric acid were varied but no 
improvement in the yield of ketone was obtained©
It seemed from the results of these previously described 
attempts at the hydration of the acetylenic group that the 
benzyl ether groups in the molecule were unstable to either 
mercuric salts or acidic conditions© Efforts were, made to 
find a system whereby the reaction could be carried out 
under neutral conditions©
Goldberg [16], in 1943? reported the use of mercury 
p-toluenesulphonamide for effecting the hydration of steroid 
17-ethinyl carbinols. The mercury p-toluenesulphonamide is 
prepared by heating p-toluenesulphonamide with mercuric oxide 
at 200° for two and a half hours©
The reaction of mercury p-toluenesulphonamide with
1 ,4-bisbenzyloxybut-2-yne was attempted under similar 
conditions to those used by Goldberg. The reactants were
a t  room t e m p e ra tu r e  and th en  r e f l u x e d  f o r  one h o u r .  In  t h i s
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heated under reflux in 96% ethanol for seventy two hours, 
cooled and hydrogen sulphide used to precipitate the mercury 
as its sulphide. The p-toluenesulphonamide was removed by 
treating the filtrate with dilute alkali. Distillation of the 
residue from removal of the solvent under reduced pressure 
afforded benzaldehyde and a 30% recovery of 1^-bisbenzyloxybut- 
R-yne. The benzaldehyde was identified by its infrared 
spectrum and from the 2,4-dinitrophenylhydrazone derivative.
Raphael [153* mentions that in some cases the direct 
addition of water to acetylenic compounds may be achieved by 
treatment with hot acid alone. The hydration of 1,4~dimethoxy~ 
but-2-yne using methanolic sulphuric acid has been reported 
by Russian workers [1?3* The yield of 1,4~dimethoxybutan~2«one 
obtained by this method was 90%. It was therefore decided to 
subject the dibenzyl ether to the same conditions, viz. methanolic 
sulphuric acid at 50°. On complete addition of the diether, 
the temperature was raised to 65° and maintained for two and 
a half hours. After cooling to room temperature the reaction 
mixture was diluted with water, extracted into ether, and the 
combined ether extracts washed with a saturated sodium carbonate 
solution and with water and dried. Distillation of the residue 
after removal of the solvent afforded over 60% of the unchanged 
starting material. Although this reaction was unsuccessful 
in that none of the desired product was obtained, the high 
recovery of starting material demonstrated the stability of 
the diether to acidic conditions alone.
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In a communication published in 1961, Halpern et al.ClS], 
reported that ruthenium(III) chloride, in aqueous solution 
was an effective catalyst for the hydration of disubstituted 
acetylenic compounds and proposed a mechanism for the reaction 
(Fig IV).
—  Ru1— Oik + R—  C ** C — R* ---- > —  Ru —  OH-
2 T  t
R~ C~C -R
 ^III *+H\  Ru + RCH-COR
\  t IR
(Fig IV)
The reaction was carried out at 50° with 0.1M Ru(III), 
it being found that the rate constant, k, passed through 
a maximum when a 4-M HCI solution was used.
The 1 ,4-bisbenzyloxybut»2-yne (7.0g) and a solution of 
0.1M Ru^^^Cl- in 4-M HCI. were heated at 50° for sixteen 
hours, during which time the colour of the reaction mixture 
changed from a dark brown to a reddish-brown (one and a half 
hours after addition of the diether), and finally back to 
the original dark brown. The only material isolated by 
distillation (under reduced pressure ) of the organic extract 
from the reaction mixture was benzaldehyde (0.5g)® Increase
T, III ■Ru
I N
/
R
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in the bath temperature after removal of the benzaldehyde 
resulted in decomposition of the residue*. Most of the RuCl 
was recovered from the aqueous extract of the reaction mixture.
Summary.,
Many attempts were made to hydrate the acetylenic diether 
without appreciable success. Although benzyl ethers are normally 
cleaved under acidic conditions it was found that when the 
1 ,4~bisbenzyloxybut-2-yne was treated with methanolic sulphuric 
acid no cleavage of the ether groups occurred. Under acid and 
neutral conditions in the presence of mercury compounds only 
benzyl alcohol and benzaldehyde were obtained as identified 
products® Use of mercuric sulphate in sulphuric acid solution 
gave the required ketone, 1,4-bisbenzyloxybutan~2-one, but 
only in very low yield. Varying the concentrations of the 
mercuric sulphate and sulphuric acid, and the reaction time 
did not produce an improved yield of the ketone which proved 
impossible to isolate pure.
Acetylenes have been successfully hydrated using mercuric 
sulphate impregnated polystyrene resins as catalysts but it 
was felt that, in view of the results already obtained, there 
was little chance of success with this method®
In his review on the cleavage of ethers, Burwell [8] 
discusses cleavage by Lewis acid halides but does not mention 
ruthenium trichloride. However, in view of our experiments.
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it appears that this salt displays similar properties to other 
Lewis acids and causes ether scission.
Attempts had thus been made to hydrate the acetylenic diether 
under acidic and neutral conditions and using various catalysts® 
It, therefore, remained to discover what would happen when 
alkaline conditions were employed.
As early as 1903? Moreau and Delange [193? had hydrated 
acetylenic acids by heating under reflux with ethanolic sodium 
hydroxide.
In 1949? Jones and Whiting [203? In a paper on the addition 
of nucleophilic reagents to' a(3-acetylenic esters, referred to 
earlier work on the addition of amines to the esters of 
a(3~acetylenic acids when {3~monosubstituted adducts had been 
obtained in all oases. Jones found that exothermic reactions 
occurred when a(3~acetylenic hydroxy esters were treated at room 
temperature with secondary amines. Analytical data from these 
experiments indicated that the products in all cases were amino 
lactones, (,14).
In two subsequent papers, Jones et al. [213, [223, applied the 
reaction to achieve hydration of an oc(3~acetylenic ester (15). 
The addition of piperidine in ethereal solution at room 
temperature proceeded exothermically, and mild acid hydrolysis
R w
OH
(14)
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o f  th e  addu ct  ( 1 6 )  th en  a f f o r d e d  th e  k e t o - e s t e r  ( 1 7 ) i n  7 0 % y i e l d .
OH
(17)
In another example, an 85% yield of the keto-ester (18) was 
obtained by the hydration of the acetylenic ester (19)®
Although it appears from these results that the conjugation 
of the acetylenic bond to the ester group facilitates the 
addition of the amine, it was decided to apply this method 
of hydration to our acetylenic diether.
The addition of piperidine to a solution of the 
.1 ,4-bisbenzyloxybut~2-yne in ether was carried out at 5°« On 
complete addition of the amine the temperature of the reaction 
mixture rose to 29.5°° The temperature was maintained at 20° 
for two hours and the reaction mixture was then extracted into 
0.25N HCI. The acidic extract was maintained at 20° for twelve
3
H C w CHCH-COCH COOCH 2 2 5
(19) (18)
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hours and was then worked up to afford over 80% of the unchanged 
starting material, 1 ,4~bisbenzyloxybut*-2-yne.
Subsequent attempts, involving variation of the reaction 
temperature and of the amine, (to morpholine ), did not afford 
any of the 1 ,4-bisbenzyloxybutan-2-one.
The attempts to hydrate the 1 ,4-bisbenzyloxybut~2-yne 
under acidic, neutral, and basic conditions had not been 
appreciably successful. It was, therefore, decided to seek 
other routes for the synthesis of 1 ,4~bisbenzyloxybutan-2~one0
In the following section of this chapter other methods 
for the synthesis of 1 ,4~bisbenzyloxybutan~2~one will be 
described. Before leaving this section on acetylenes it is 
possibly worthwhile considering the merits of 1 ,4-dihydroxybut— 
2-yne itself as an intermediate in the synthesis of the 
desired ketone.
In 1946, Johnson [23] reported that he was unable to 
hydrate 2-butyne1 ,4-diol to the 1 ,4-dihydroxybutan~2~one in 
the presence of mercuric salts. In 1932, Charlton and Kenner [24] 
reported that this ketone was unstable. Since then, there has 
been a number of reports of the preparation of this ketone.
In one case, Russian workers [25] prepared the ketone in 35% 
yield by refluxing the acetylene in an aqueous mercuric 
acetate solution.
Obviously the dihydnoxy ketone could not have been used 
as such in the reaction scheme outlined in +ig(lll) because 
the Grignard reagent would have attacked the hydroxyl groups*
5 6
RMgX + R*OH  RfOMgR
However it could possibly have been used for the preparation 
of 1 ,4-bisbenzyloxybutan-2~onec
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Chapter Two - Section 3 - Thei attempted Synthesis of
1,4-Bisbenzyloxy'butan'-2» .one via Organo-Metallic Reagents,!
The preparation of ketones by the reaction between an 
organocadmium compound and an acid halide was first recommended 
by Gilman and Nelson [26]. More recently, this preparative 
route to ketones has been reviewed by Cason [2?]j and 
Shirley [28]. The following reactions are. involved in the 
preparation of a ketone by this method.
RX + Mg --> RMgX CdC12 > R^Cd + MgX2 + MgCl2
R2Cd + 2r 'cOC1 -------> 2RC0R*
It was thought that this type of reaction could be applied 
to the synthesis of 1,4-bisbenzyloxybutan-2-one and the 
reaction scheme as outlined in Fig (IV) was proposed*
1* C1CELC00H + NaOCKLC^H ----- > C.HeCH^OCH^COOH2 2 6 5  6 5 2 2
sociu  ^ c6h5ch2och2coci
2. H0CH2CH20Na + ClC^CgH^ -----> HOCI^CI^OCI^Cgf^
C^H CH_pCH_CH_Cl 0 5 2  2 2
soci2
c 6 h5 n ( c h 3 ) 2
5 8
3. CgH CH20CH2CH2C1 + Mg ---- > CIMgCH^CI^OCH^gH^
Ci?32.. .> Cd(CH2CH20CH2CgH )2
_C6H5CH20CH2CQC1 >> C6H5CH20CH2C0CE2CH20CH2C6H5
Fig (IV)
The main disadvantage of this method for the synthesis 
of the 1 ,4-bisbenzyloxybutan-2-one is that the benzyl ether 
groups may be cleaved in the course of the reaction*, Ethers 
may be cleaved by acid chlorides in the presence of Lewis 
acids to form esters [8], apparently by the following 
mechanism:
2Rf C0C1 + MC12   > 2RIC0'1' + MCI^~
R!CO+ + Ro0 ----> Ro0+C0Rf
c. c.
 > RfCOOR + R+
R* + Cl~  >  RCl
However, in the absence of catalysts, ethers do not react 
with acid chlorides even at 220° [29]•
In their report of an extensive investigation of the 
reaction of acid halides with ethers, Meerwein and Maier-Huser 
[30], found that when zinc chloride was employed as catalyst, 
near-quantitative yields were obtained but when magnesium
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chloride was used no yield was obtained, Gilman and Nelson [26], 
support these results. Although the use of cadmium chloride 
as catalyst is not reported it should perhaps be assumed 
that it would have an effect similar to that displayed by 
zinc chloride, as both metals occur in the same group in the 
periodic table.
To avoid the presence of cadmium chloride in the reaction 
mixture it was decided to use a slight molar excess of the 
Grignard reagent, so that after formation of the alkylcadmium 
compound no cadmium chloride would remain unreacted©
The Grignard reagent was prepared by the addition of a 
solution of chloroethylbenzylether in tetrahydrofuran to 
magnesium under an atmosphere of nitrogen and refluxing the 
mixture until all the magnesium had reacted. The cadmium 
chloride was added to the cooled reaction mixture and then 
the whole was refluxed again until a negative Gilman test 
for the presence of a Grignard reagent was obtained [31%
The solvent was replaced by benzene as it is generally 
agreed for this Reaction that better yields of ketones are 
obtained when the higher boiling solvent is employed© The 
2-benzyloxyacetylchloride was added to the reaction mixture 
at the reflux temperature. Within minutes of the addition, 
a pink solid precipitated from the reaction mixture. The 
refluxing of the reaction mixture was continued for one hour, 
followed by cooling and pouring onto crushed ice, and 
decomposition of the complex by the addition of dilute
6 0
su lphuric  a c id . A l iq u id  product was ob ta ined  from the e th er  
e x tra c t  o f  the r e a c t io n  m ixture which d i s t i l l e d  under a 
reduced pressu re o f  1.5mm a t an o i l  bath tem perature o f  221°. 
The in fr a r e d  spectrum o f  th is  m a te r ia l showed a strong  
absorp tion  band a t a s l i g h t l y  h igh er  frequ en cy than expected , 
a t  1740cm re g io n , but th ere  was no o th er  unusual fe a tu re  
in  the spectrum to  in d ic a te  th a t the product was o th er than 
the d es ired  k eton e . However, attem pts to  form the 2 ,4 -d in i t r o -  
phenylhydrazone and sem icarbazone d e r iv a t iv e s  f a i l e d ,  but a 
hydroxamic t e s t  [ 32] ,  f o r  the presence o f  an e s te r  group was 
p o s i t i v e .  Examination o f  the p „m »r. spectrum (th e  r e s u lts  
are g iven  in  the experim ental, s e c t io n ) in d ic a te d  th a t the 
product was a m ixture, the main p o r t io n  o f  which was the 
b en zy l e s te r  o f  2 -b en zy lo x y a c e t ic  a c id .
The product from the re a c t io n  o f  a c e ty l  c h lo r id e  and 
the alkylcadmium d e r iv a t iv e  o f  c h lo ro e th y lb en zy l e th er  was
shown by s im ila r  r e s u lt s  to  be b en zy l a c e ta te .
.CH^CH-OCH-CkH /  2 2 2 6 5
CH^COCl + Cd ------— >  CH^COOCHgCgH-
^CH-CH-OCH-CrH- 
2 2 2 6 5
The r e s u lt  o f  th is  second experim ent in d ic a ted  th a t th ere  
was l i t t l e  chance o f  ob ta in in g  1,4—bisbenzlyloxybutan-2-one 
by the rou te  shown in  F i g ( lV ) .
An a lt e r n a t iv e  rou te  f o r  the syn th es is  o f  k e ton es , 
using o rga n o m eta llic  rea gen ts , i s  the G rignard rea c t io n  on
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i!MS\  +RON + R*MgX ---- ^  R — c — R*  —— >  RCOR*
H2°
Cason [2 7 ]? s ta te s  th a t good y ie ld s  o f  ketones can be ob ta ined  
by th is  type o f  r e a c t io n  and g iv e s  s e v e ra l r e le v a n t  re fe ren ces , 
The re a c t io n  scheme o u tlin ed  below  was then suggested  f o r  
the syn th es is  o f  the k eton e.
CH OH
C^-H CH_C3i + ECHO + NaCN ----2---> C.ET CHo0CHoCN6 5 2 R Q 6 5 2  2
n it r i le s .
CgH CHgOCHgCN + ClMgCH2CH2OCII2C6H5
NMgX
UC>:H_CHo0CHoCCHoCHo0CH_C/-Hir 6 5 2  2 2 2  2 6 5
H+
h2o
-> CgH CH2OCH2COCH2CH2OCH2CgH
In  most cases the in term ed ia te  ketim in e i s  not is o la t e d
S'
but i s  hydro lysed  in  the work up o f  the G rignard rea c t io n  
to  the keton e. Moreau and Mignonac [333, have shown in  a 
number o f  cases th a t the k etim in es  may be l ib e r a t e d  from the 
G rignard rea c t io n  products by m ild  h y d ro ly s is  w ith  aqueous 
ammonium c h lo r id e ,  and is o la t e d  as the h y d ro c h lo r id e s 'b y  
treatm ent o f  the d r ie d  e th e r e a l s o lu t io n s  w ith  dry hydrogen 
ch lo r id eo  The ketones were then ob ta ined  by m ild  a c id  h y d ro ly s is  
o f  th ese  hydrochloricfe s a l t s .  In  a le a s t  one case [3 4 ] ,  the 
ketone was ob ta ined  by b o i l in g  the ketim ine h yd ro ch lo r id e ' .in
2 -B e n z y lo x y a c e to n itr i le  was prepared by r e a c t in g  ben zy l 
c h lo r id e  w ith  a s o lu t io n  o f  aqueous m ethanolic form aldehyde 
and sodium cyanide [353® The Grignard reagen t was prepared 
by r e f lu x in g  a s o lu t io n  o f  ch lo ro e th y lb en zy l e th e r  in  
te trah yd ro fu ran  w ith  magnesium® On com plete r e a c t io n  o f  the 
magnesium, the 2 -b e n z y lo x y a c e to n it r i le  was added to  the 
m ixture which was then re f lu x e d  f o r  fo r ty - tw o  hours, coo led  
and poured onto crushed ic e  and tr e a te d  w ith  aqueous ammonium 
c h lo r id e .  D is t i l l a t i o n  o f  the m a te r ia l ob ta ined  from the 
e th e r  e x tra c t io n  o f  the r e a c t io n  m ixture a ffo rd e d  ben zy l 
a lc o h o l,  a p a le  y e llo w  l iq u id ,  b®p0 166-70o/ 1*5mm , and a 
s o l id  (which d i s t i l l e d  a t an o i l  bath tem perature o f  230°/l.5m m ). 
The b en zy l a lc o h o l was id e n t i f i e d  from i t s  in fr a r e d  spectrum 
and by comparison w ith  an au th en tic  spectrum® The h igh er 
b o i l in g  l iq u id  and the s o l id  m a te r ia l both gave a p o s i t iv e  
Lassa igne t e s t  f o r  n it ro g e n . Examination o f  t h e ir  s im ila r  
in fr a r e d  sp ec tra  in d ic a te d  th a t the s o l id  product was not 
an im ine but an amine, th ere  b e in g  two NH absorp tion  bands 
a t 3450 and 3250cm r e s p e c t iv e ly .  In  agreement a p o s i t iv e  
iso cya n id e  t e s t  was ob ta in ed .
The re a c t io n  was repea ted  but no attem pt was made to  
is o la t e  the in term ed ia te  im ine. The organ ic  e x tr a c t  o f  the 
re a c t io n  m ixtu re, a f t e r  decom position  o f  the Grignard complex 
w ith  aqueous ammonium c h lo r id e ,  was d r ied  and the so lv en t 
removed. The res id u e  was r e f lu x e d  in  w ater f o r  one hour,
in water fo r one hour®
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coo led  and worked up in  the usual fash ion  to  a f fo r d  e th y lb en zy l 
e th e r  and 2 -b en zy lo x y a c e to n itr ile®  Both o f  th ese  products 
were id e n t i f i e d  from th e i r  in fr a r e d  and p .m .r . sp ec tra , 
the r e s u lts  o f  which are g iv en  in  the experim en ta l s e c t io n .
The id e n t i f i c a t io n  o f  one o f  the products as e th y lb en zy l 
e th er  in d ic a te s  th a t a lthough the Grignard rea gen t, 
ClMgCE^H^OCH^C^Hp., was form ed, no rea c t io n  between i t  and 
the n i t r i l e  took  p la ce *
A repea t o f  the e a r l i e r  experim ent f a i l e d ,  when an 
attem pt was made to  ob ta in  a supply o f  the n itro gen  con ta in in g  
m a te r ia l f o r  fu r th e r  exam ination .
In  v iew  o f  th ese r e s u lt s ,  and the fa c t  th a t i t  seemed 
im poss ib le  to  c a r ry  out the r e a c t io n  w ithout employing 
a c id ic  c o n d it io n s , e i th e r  in  the decom position o f  the 
G rignard complex, o r  in  the is o la t io n  o f  the im ine in t e r ­
m ed iate, i t  was decided  not to  proceed w ith  th is  rea c t io n  
sequence.
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Chapter Two -  S ec tio n  4 — The Attempted  H ydroboration  o f
1 <)4faBijsbenzyloxybnt-2-yne.
Hydroboration  o f  d is u b s t itu te d  a ce ty len es  w ith  d iborane 
proceeds r e a d i ly  and can be c o n tro lle d  to  g iv e  p redom inantly  
the v in y lo rgan ob oran e , O x ida tion  o f  the l a t t e r  w ith  a lk a lin e  
p e rox id e  a f fo rd s  a ketone [ 36] »
BH
_ C  = C — -------5------->  ( — CH— C — )_B
5
H 02 2 v — CH-CO— > 2
0H“
H ydroboration  o f  1 ,4~b isbenzy loxybu t-2~yne would 
accord in g  to  Brown, s r e s u lt s ,  p ro v id e  a conven ien t rou te 
to  1 ,4 -b isbenzy loxybu tan~2 -one.
Although Brown had shown th a t term in a l a ce ty len es  were 
more l i k e l y  to  undergo dehydroboration  than in te rn a l a c e ty len e s , 
i t  seemed d e s ira b le  to  use a h yd robora tin g  agent which woulfr 
h in der the second s tage  and perm it the sim ple form ation  o f  
the monohydroboration p rodu ct,
BH3R— C ~ C — R -------2— \  ( R— CH— CR ),B
3
BHx t t
 2----^  ( rcH— CHR ),B -  + ( RCH±— CR )_B0
2 d. d 5 d
B is-3 -m ethyl~2~bu tylborane ( d-isiamylboranb ) i s  a hyd robora tin g
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reagent with large steric  requirements [ 37 3*
2 (CH_) ~C =• CHCH, + BH, 5 2 5 5 * *
CH, CH,
\ 3 \ 3
C— CH, C —CH,
> I 3 1 3
HC —~ B —  CH
c h , H in,
3 3 ( ** a S ia 2BH)
H:
t I 8
R— C s  C— R + S i a 2 BH --------- > R— C — C - R
BSia2
HO
— ■ - ■ ■ > RCELCOR 
OH" d
A fu r th e r  advantage o f  the use o f  the hydroborating  reagen t 
i s  th a t the d iborane may be gen era ted  e x te r n a l ly  in  which 
case the d ibenzyl, e th e r  would not come in to  con tact w ith  
any unreacted sodium borohydride o r  b o r o n t r i f lu o r id e ,  both 
o f  which are used in  the p rep a ra tio n  o f  diborane® Boron­
t r i f lu o r id e  e th e ra te  d is s o lv ed  in  acetic* anhydride in  the. 
presence o f  lith iu m  c h lo r id e  w i l l  c lea ve  a l ip h a t ic  ethers  
e a s i ly ,  a t room tem perature [ 73*
The hydroboration  o f  1 / -b isben zy loxyb u t-R ^ yn e  was 
attem pted em ploying the method describ ed  by Brown [363*
The diborane was gen era ted  by the a d d it io n  o f  a s o lu t io n  
o f  sodium borohydride in  diglyrae to  b o r o n tr i f lu o r id e  e th e ra te
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(bo th  reagen ts  had been p u r i f ie d  by the methods d escrib ed  in  
Organic R eaction s , 13, » 28, (.1963) )® d iborane was passed 
in to  a s o lu t io n  o f  2-m ethylbut~2-ene in  te trah yd ro fu ran  a t 0 ° ,  
by ap p ly in g  a s l ig h t  f lo w  o f  dry n itro gen  through the g en e ra to r . 
The tem perature o f  the r e a c t io n  f la s k  was m aintained a t 0 -5 ° 
f o r  two hours and the a ce ty len e  compound was added r a p id ly  
a t 0 ° . The r e a c t io n  m ixture was m aintained f o r  h a l f  an hour 
a t th is  tem perature and then f o r  two hours a t room tem peratu re. 
The organoborane compound was then o x id iz e d  a t 0° by the 
a d d it io n  o f  aqueous hydrogen p e ro x id e , m ain ta in ing the pH o f  
the re a c t io n  m ixture a t 8 by the concurrent a d d it io n  o f  
2N-sodium h yd rox id e . The re a c t io n  m ixture was then ex tra c ted  
in to  e th e r , and the s o lu t io n  was dried® D is t i l la t io n ,u n d e r  
reduced p ressu re , f i n a l l y  a ffo rd e d  2-m ethylbut-2-ene and a 74% 
reco ve ry  o f  1 ,4~bisbenzyloxybu t~2~yne.
In  a fu r th e r  experim ent, d iborane i t s e l f  was generated  
in  the presence o f  the a c e ty le n ic  compound, by the a d d it io n  
o f  the b o r o n t r i f lu o r id e  e th e ra te  to  a m ixture o f  the d ib en zy l 
e th er  and a s o lu t io n  o f  sodium borohydride in  diglyme.* 
Examination o f  the in fr a r e d  sp ec tra  o f  the p rodu cts , showed 
them to  be o f  b en zy l a lc o h o l and 1 ,4 -b isben zy loxybu t-2~yn e*
In  a fu r th e r  attem pt a t the p rep a ra tion  o f  the d es ired  
k eton e, d is iam ylborane was again  employed as h yd robora tin g  
reagen t* As in  the e a r l i e r  experim ent, b en zy l a lc o h o l and 
1 ,4~bisbenzyloxybu t-.2 «yne were the on ly  is o la t e d  products 
from the re a c t io n  m ixtu re . Taking in to  account the amount
6?
o f  1 ,4 -b isben zy loxybu t~2 -yn e reco ve red , the w eigh t o f  b en zy l 
a lc o h o l is o la t e d  from the re a c t io n  m ixture amounted to  95% 
o f  th a t t h e o r e t ic a l ly  o b ta in a b le  by t o t a l  c lea vage  o f  the 
rem ainder o f  the d ib en zy l e th er*
Summary0
The a p p lic a t io n  o f  a method which has proved to  be 
su ccess fu l in  the con vers ion  o f  a ce ty len es  to  ketones f a i l e d  
when a p p lied  to  the syn th es is  o f  1 ,4~bisbenzyloxybutan~2-one 
As in  p rev iou s  attem pts a t the p rep a ra tion  o f  th is  ketone 
the problem  o f  the l a b i l i t y  o f  the ben zy l e th e r  groups 
proved to  be insuperable®  A re a c t io n  between 1,4—b is b e n zy l-  
oxybut-^-yne and a lk a lin e  hydrogen p erox id e  d id  not r e s u lt  
in  any c leavage  o f  the b en zy l e th e r  groups, o ve r  90% o f  the 
unreacted  a c e ty le n ic  compound be ing  recovered  from the 
re a c t io n  m ixtu re.
From th is  r e s u lt  i t  would appear th a t the cause o f  
c lea vage  o f  the e th e r  groups must l i e  in  some way w ith  the 
d iborane o r ,  the d isiam ylborane® Accord ing to  Brown [ 38] ,  
e th ers  are among fu n c t io n a l groups th a t do not d is p la y  any 
s ig n i f ic a n t  r e a c t i v i t y  toward redu ction  by d iborane or 
d isiam ylborane.. Furtherm ore the p re fe r r e d  s o lv e n ts  f o r  
hydrobora tion  procedures are e th e rs , and th ere  are  not any 
rep o r ts  in  the l i t e r a t u r e  o f  e th e r  c leavage  ta k in g  p la ce  
tinder these circum stances*
The com plete absence o f  any k e ton ic  m a te r ia l in  the
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is o la t e d  re a c t io n  products cou ld  be exp la in ed  i f  the 
d is iam ylborane had been unable to  approach the a c e ty le n ic  
bond. The s t e r ic  requ irem ents o f  d is iam ylborane are  la r g e  [373 , 
and the t r i p l e  bond o f  1 ,4 -b isbenzy loxybu t-2~yn e i s  flan ked  
by b en zy loxy  groups* T h e re fo re , the rea c t io n  cou ld have been 
in h ib ite d  s t e r i c a l l y .
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Chapter Three -  Section I .
The p rep a ra tion  o f  2 ,2 -d im e th y l-5 -ethoxyethyl<  
5 -e th oxym eth y lte trah yd ro fu ran  ( 1 ) ,
CH,
CH
3
> C <
ch2° c2h5
CH-CH-OC-H 
2 2 2 5
(1 )
F o llo w in g  the u n su ccessfu l attem pts to  prepare 1 ,4 - 
b isben zy loxybu tan -2 -on e , i t  was necessary  to  m odify  the 
r e a c t io n  scheme o u t lin e d  in  Chapter Two, F ig  I I I ,  f o r  the 
syn th es is  o f  a 2 ,5 ~ te tz ,a su b s titu ted  te trah yd ro fu ra n .
The 1 ,4 -d ie th y l e th er  o f  1 ,4-d ihydroxybutan-2-one has 
been prepared [ l ] ,  by the c a t a ly t ic  hyd ra tion  o f  1 ,4 -d ie th o x y -  
bu t-2 -yn e . I t  was decided  to  employ th is  ketone (2 ) in  the 
syn th es is  o f  the te trah yd ro fu ra n  compound ( 1 ) Q
^ CH2CH20C2H5
N5h2oc2h5
(3 ) ( 2 )
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CHo0C_H_. | 2 2 5
9 (ch 3 ) 2cch2ch2cch2ch2oc2h5
OH OK.
(4 )
H
CH.
CH.
[_ CH OC H
3v . 2 2 5
3 / ^ 0  ^  \  ch2ch2oc2h3
(1 )
The G rignard reagen t ( 3 ) was prepared from th e te tra h y d ro -  '
p yran y l e th e r  o f  4~ch loro~2“ m eth y lbu tan -2 -o l. Treatment o f  
e th y l a c r y la te  w ith  anhydrous HCI a t room tem perature a ffo rd ed  
e th y l (3 -ch loroprop ionate in  85% y ie ld .  A G rignard rea c t io n  
between the (3 -h a loester and methyl magnesium io d id e  a ffo rd ed
4 -ch lo ro -2 -m eth y lb u tan -2 -o l in  54% y ie ld .  Treatm ent o f  the 
c a rb in o l w ith  2 , 3-d ihydropyran  and a c a t a ly t ic  q u a n tity  o f  
p -to lu en esu lph on ic  a c id  a ffo rd e d  the te trah yd rop yran y l e th e r  ( 5 ) .
1 ,4~D iethoxybutan~2-one was prepared by a method d escrib ed  
by Hennion [ l 3 .  Treatm ent o f  2 -b u ty n e -1 ,4 -d io l (iM i (a s  a 
35% aqueous s o lu t io n ) w ith  d ie th y l su lphate ( 2. 5J®) and sodium 
hydroxide ( 2 . 5ft) a t 30- 5°  a ffo rd ed  the d ie th y l e th e r  in  88% 
y ie ld .  H ydration o f  the a c e ty le n ic  l in k  using a c a t a ly t ic
(5 )
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q u a n tity  o f  red  m ercuric ox ide  w ith  su lphuric a c id  then gave 
the ketone in  67% y ie ld ,  which was ch a ra c te r ised  as the
2 ,4 -d in itrop h en y lh yd ra zon e .
The G rignard reagen t (3 )  prepared from ( 5 ) in  e th e r ,
2-one in  e th e r . The m ixture was re flu x e d  f o r  tw enty fou r hours, 
coo led  and poured onto ic e  and tr e a te d  w ith  d i lu te  h yd ro ch lo r ic  
a c id . By e x tra c t io n  o f  the r e a c t io n  m ixture in to  e th e r , and 
d i s t i l l a t i o n ,  e v en tu a lly  under reduced p ressu re , 2 -m ethyl— 
b u ta n -2 -o l, 4 -ch loro~2~m eth y lbu tan -2 -o l, and 1 ,4 -d ie th oxybu tan - 
2«one were ob ta in ed . The products were id e n t i f i e d  from th e ir  
in fr a r e d  and p .m .r . s p ec tra . The 2-m ethylbutan-2~ol would 
have a r is en  from decom position  o f  the unreacted  Grignard 
reagen t in  the work-up o f  the re a c t io n  m ixtu re.
A rea c t io n  between the same Grignard reagen t and e th y l 
methyl ketone had a s im ila r  r e s u lt  to  the p rev iou s  experiment® 
I t  was th e r e fo r e ,  decided  to  employ a more r e a c t iv e  
Grignard rea gen t, and the compound which best su ited  the 
requ irem ents f o r  the p rep a ra tion  o f  the adduct (4 )  was the 
te trah yd rop yran y l e th e r  o f  3“ ffle th y lbu t-1 -yn -3~o l* The 
3~methyl~3“ tetrahydropyranoxybut~1~yne (6 )  was prepared in  
80% y ie ld  by t r e a t in g  the a c e ty le n ic  a lc o h o l ( 7 ) w ith  a 
2 molar excess o f  2 ,3 -d ih ydropyran  andba few c r y s ta ls  o f
was tr e a te d  a t 0° w ith  a s o lu t io n  o f  the 1,4 -d ie th oxybu tan -
(CH5 ) 2C-CH2CH2MgCl 
0 —Thp
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p -to lu en esu lph on ic  a c id  a t room tem perature. I t  was found th a t 
when le s s  than a 2 molar excess o f  dihydropyran was used, the 
y ie ld s  o f  the te tra h yd ro p yra n y l e th e r  were v e ry  much reduced.
The Grignard reagen t (8 )  was prepared by r e a c t in g  (6 )  
w ith  a s l ig h t  molar excess o f  e th y l magnesium bromide in
A s o lu t io n  o f  1 ,4 -d ieth oxybu tan -2 -on e in  te trah yd ro fu ran  was
re flu x e d  f o r  s ix te en  hours, coo led  and decomposed by the 
a d d it io n  o f  aqueous ammonium c h lo r id e .  Removal o f  the s o lv en t 
a f t e r  e x tra c t io n  o f  th e re a c t io n  m ixture in to  e th e r  and 
d i s t i l l a t i o n  o f  the res idu e  under reduced pressu re a ffo rd ed
y-ethoxy-Xetfroxym ethyl-^-hydroxy-R-m ethyl-R-tetrahydro-
pyranoxyhept-3-yne (9 )  in  54,6% y ie ld .  C on firm ation  o f  
th is  s tru c tu re  came from the in fr a r e d  and p .m .r . sp ec tra  o f  
the p roduct, ( f o r  d e ta i ls  see the experim enta l s e c t io n ) .
y 2y
O-Thp
(7 ) (6 )
te trah yd ro fu ra n , a t a tem perature o f  between 5- 15°  under an 
atmosphere o f  n itro gen
C2HrMgBr + (CH ) C~CsCH
O-Thp
(6 )
(CH3) 2C-C3CMgB® + C2H6 
O-Thp
(8 )
added to  the r ea c t io n  m ixture a t  $° and the whole was then
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CHo0C_H_I 2 2 5
(C H ,) _C-’C=C-C-*CHoCHn0C H_3 2j j 2 2 2 5
OThp OH
(9 )
To prepare the adduct (4 )  i t  was n ecessary  to  reduce the 
t r i p l e  bond o f  (9 )*  A search o f  the l i t e r a t u r e  in d ic a ted  th a t 
the most conven ien t rou te  would be the c a ta ly t ic  hydrogenation  
o f  (9 )  using Raney n ic k e l as c a ta ly s t*
Raney n ic k e l was prepared  using the method d escrib ed  by 
P a v l ic  and Adkins [2 ]®  A s t a in le s s - s t e e l  au toc lave  was loaded  
w ith  a s o lu t io n  o f  the a c e ty le n ic  compound in  ethanol and a 
couple o f  teaspoons o f  Raney n ickel®  The hydrogenation  was 
c a r r ie d  out by s t i r r in g  the m ixture under a p ressu re o f  one 
hundred and tw enty f i v e  atmospheres o f  hydrogen a t room 
tem perature f o r  tw e lve  hours® Removal o f  the so lv en t a f t e r  
f i l t r a t i o n  o f  the re a c t io n  m ixtu re, and d i s t i l l a t i o n  o f  the 
res idu e  under reduced pressu re  a ffo rd ed  7“*ethoxy-5~ethoxy- 
m ethyl-5 “ kydroxy-2“ m ethyl-2-tetrahydropyranoxyheptane (10 ) 
in  75% y ie ld .  C on firm ation  o f  the s tru c tu re  o f  the product 
was ob ta ined  from an e lem en ta l a n a ly s is  f o r  carbon and hydrogen, 
and from the in fr a r e d  and p .m .r* spectra*
CH.OC H 
\ 2 2 5
( CTI, ) _C~ CH_CHr~ C“~CH0CH OC H 
3 2j 2 2 |  2 2 2 5
OThp OH
(10)
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OH OH
(11 )
The te trah yd rop yran y l group o f  (1 0 ) was removed by s t i r r in g  
a s o lu t io n  o f  (1 0 ) in  e th e r  w ith  0.5^1 d i lu te  HCI a t room 
tem perature f o r  two hours. The 2 ,5 -d ih yd roxy  compound (1 1 ) 
v/as is o la t e d  in  80% y ie ld ,  f i n a l l y  by d is t i l la t io n , ,  The 
in fr a r e d  and p .m .r , sp ec tra  supported the s tru c tu re .
D is t i l l a t io n  o f  (1 1 ) under reduced pressu re in  the 
presence o f  a t ra c e  o f  con cen tra ted  su lphuric a c id  then 
a ffo rd ed  the req u ired  te trah yd ro fu ra n  compound (1 )  in  73% 
y ie ld .  The s tru c tu re  o f  the product was con firm ed by e lem en ta l 
a n a ly s is  and from i t s  in fr a r e d  and p .m .r . spectra®
The r e s u lt s  o f  the p .m .r . spectrum w i l l  be d iscussed 
in  s e c t io n  4 o f  th is  ch ap ter.
3 '2 “ 2W 2 5
0 )
8o
The p rep a ra tion  o f  2 ,2 ,5 ~ tr im e th y l~ 5 ” e th y lte tra h yd ro fu ra n  ( 12 ) ©
A v a r ia t io n  o f  the ketone used in  the p rep a ra tion  o f  (1 )  
o f fe r e d  a rou te f o r  the syn th es is  o f  a second 2 , 5- t e t r a -  
su b s titu ted  te tra h yd ro fu ra n .
Reaction  o f  2-butanone w ith  the Grignard reagen t (1 3 ) 
a ffo rd ed  2 ,5 -d im eth y l-5~bydroxy“ 2 -tetrahydropyranoxyhep t-3 "yne 
(1 4 ) in  60% y ie ld .
CH3\L J r^ H3
( 12 )
(CH7 )2C~C~CMgBr +
i
CH_COCLH' 3 2 5
In  the course o f  work up, a f t e r  the c a t a ly t ic  hydrogenation  
o f  (1 4 ),V the re a c t io n  m ixture was tre a te d  w ith  d i lu te  
h yd ro ch lo r ic  a c id  to  e f f e c t  the removal o f  th e te tra h yd ro ­
pyran yl group o f  (1 5 )*  Th is  ob v ia ted  the need to  is o la t e  th is  
compound in  the r e a c t io n  sequence. The y ie ld  o f  2 ,5-d im e th y l-  
2 , 5-d ihydroxyheptane ob ta ined  by th is  two step  rea c t io n  was 
80%. Con firm ation  o f  the s tru c tu re  o f  th is  compound was 
obta ined  from the in fr a r e d  and p .m .r . s p ec tra .
D is t i l l a t i o n  o f  ( 16 ) in  the presence o f  a tra c e  o f  
con cen tra ted  su lphuric  a c id  under reduced p ressu re then
a ffo rd ed  2,2,5-trim ethyl-5~e^kyl'fc© 'fcpahydrofuran 67% y ie ld *  
C on firm ation  o f  the s tru c tu re  o f  th is  compound was ob ta ined  
from an e lem enta l a n a ly s is , and from the in fr a r e d  and p .m .r* 
sp ec tra .
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Chapter Three -  Section 5
The attem pted c lea vage  o f  the e th y l e th e r  groups o f  
p_t 2 -  d im eth y l-5-e th o x y e th y l-6-e th oxym eth y lte trah yd ro fu ran .
Having syn th es ised  the d ie th y l  e t h e r ( l ) ,  the next s tage  
in  the p rep a ra tio n  o f  the d ie s t e r  (1 9 ) in vo lv ed  c leavage  
o f  the e th y l e th e r  groups, o x id a t io n  o f  the r e s u lt in g  ditol ( 17 ) ,  
and e s t e r i f i c a t io n  o f  the d ic a rb o x y lic  a c id  ( 18 ) .
At f i r s t  i t  appeared th a t th ere  would be d i f f i c u l t y  
in  c le a v in g  the e th y l e th e r  groups w ithout a ls o  c le a v in g  
the te trah yd ro fu ran  r in g .  B urw ell [ 3] »  has s ta ted  th a t 
t e r t ia r y  e th ers  a re  c lea ved  v e ry  r e a d i ly  and S ta rr  and 
Hixon [ 4 ] ,  showed th a t te trah yd ro fu ran  i t s e l f  was e a s i ly  
c leaved  by anhydrous hydrogen c h lo r id e .  However, F r ied  and
(1 ) (1 7 )
( 18) (1 9 )
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K leene [5 3 , found th a t when S ta rr  and H ixon 's  method was 
a p p lied  to  2 ,5 -d im eth y lte tra h yd ro fu ran  (2 0 ) no c leavage  
occurred® I t  was necessa ry  to  c a rry  out the re a c t io n  in  the 
presence o f  z in c  c h lo r id e  and then a f t e r  ten  hours on ly  an 
8% y ie ld  o f  2 ,5 -d ich lo roh exan e  was o b ta in e d j-
CH_C1CHCH^CH0CHC1CH_
5  d  d  $
I t  th e r e fo r e  appeared th a t s e le c t iv e  c leavage  o f  the 
s id e  chain e th er  groups in  (1 )  might be ach ieved  w ith  
anhydrous hydrogen c h lo r id e .
When anhydrous hydrogen c h lo r id e  was passed onto the 
d ie th e r  ( 1 ) ,  the tem perature rose  to  55°* Tb© passage o f  gas 
was continued u n t i l  the tem perature had fa l l e n  to  th a t o f  the 
room, but from the r e a c t io n  m ixture on ly  s ta r t in g  m a te r ia l 
was reco ve red , v i r t u a l l y  q u a n t it a t iv e ly .  R e p e t it io n  o f  the 
p ro cess , keep ing the tem perature a t 100° l ik e w is e  le d  to  an 
alm ost q u a n t ita t iv e  re co ve ry  o f  the e th e r .
Although F r ied  and K leene [5 3 , had found th a t 2 ,5 -d im e th y l-  
te trah yd ro fu ran  was c lea ved  by anhydrous hydrogen io d id e ,  
i t  was decided in  v iew  o f  the fa i lu r e  w ith  hydrogen ch lo r id e  
to  t r e a t  the d ie th e r  (1) w ith  48% h yd riod ic  a c id . No re a c t io n  
had occurred  a f t e r  f i v e  days a t room tem perature. On the 
o th er  hand, an in c rea se  in  the rea c t io n  tem perature to  100°
HCI
CH. 0 x 
(20 )
\CH,
ZnCl,
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re s u lted  in  gross decom position# S im ila r  r e s u lt s  were ob ta ined  
when the c leavage  was attem pted using 48% hydrobromic acid#
In  v iew  o f  th ese  u n s a t is fa c to ry  r e s u lt s ,  i t  was decided  
not to  pursue the attem pted c lea vage  w ith  halogen acids#
In  1968 Jeunge and Beal [ 6] ,  published prelim inary re su lts  
on the d ire c t  o x id a tiv e  conversion o f ethers to  es ters  in  the 
presence o f  tr ich lo ro iso cya n u ric  acid  (22)# Y ie ld s  o f  50~100%
| I —  + RCH^OR1 — ---- ^ RCOOR*
0 ' X r b  
I
c i
( 22)
were g iven  f o r  the va r iou s  e th ers  used* These r e s u lts  appeared 
to  o f f e r  an ex trem ely  in t e r e s t in g  rou te to  the d ie s t e r  (1 9 )*  
However i t  was not p o s s ib le  to  ob ta in  any o f  the t r ic h lo r o ­
isocyan u ric  a c id  a t the p a r t ic u la r  time# A qu a n tity  o f  
N,N -d ich lo ro -2 ,2 -d im e th y lh yd a n to in  (2 3 ) was a v a i la b le  and 
i t  was decided  to  use th is ,  in  v iew  o f  i t s  s im ila r  s tru c tu re  
to  t r ic h lo r o is o c y a n u r ic  a c id , and the fa c t  th a t both compounds 
are c h lo r in a t in g  and o x id is in g  agents* [73*
(23)
cn ' N-
A
-N -
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d ich lo r in a tion  o f an alpha carbon, which when trea ted  with
water decomposed to the carboxy lic  e s te r .
0
/ V .
C l — fl fl- Cl Cl
R-CH^OR* + JL L   --- > R-C-OR*
It was assumed that the mechanism of this conversion involved
2
Gl
I
Cl
H2° v ^
N dr
i
However N,N -dichloro*-2,2-dim ethylhydantoin did not convert 
d ie th y l ether in to  e th y l aceta te  as had been claimed fo r  
tr ich lo ro isocyan u ric  ac id . V aria tion s  in  the molar qu an tities  
o f reactants used and the reaction  temperature were to no 
a v a il  and in troduction  o f  a zo b is is o b u ty ro n itr ile  as a fr e e  
ra d ica l in i t ia t o r  was a b o rtiv e .
As a re su lt  o f the various unsuccessful attempts to 
c leave the e th y l ether groups o f  ( 1) ,  i t  was decided not 
to  proceed with the synthesis o f  the d ie s te r  ( 19) by th is  
rou te, but ra ther to  attempt a d ire c t  synthesis o f  ( 19)*
8 ?
Chapter Three - Section 4
The resu lts  o f  the p.m0r 0 spectra o f 2 , 2-d im ethyl- 
5~ethoxyethy l-5-ethoxym ethyltetrahydrofuran and 2 .2 .5 - 
tr im e th y I-5-e th y lte trah yd ro fu ran .
The p .m .r. spectrum o f  2 ,2-d im ethyl-5-e 'tffioxye‘fc*1y l “  
5-ethoxym ethyltetrahydrofuran (1 ) ,  (Chapter Three,Section  1 ),  
i s  shown in F i g ( I ) .  The p .m .r. spectrum o f the same 
compound prepared by reduction and a lk y la tion  o f  the 
d ie s te r  tetrahydrofuran ( 19) obtained from humulinic acid  C 
i s  shown in  F i g ( I I ) .  The two spectra were the same, 
confirm ing that the compounds were id e n t ic a l.
CIW
y,-G00CoH
f ^ " 0
CH,''
f>
vCHoC00CoH_
2 2 5
(19) (1 )
S a lien t fea tu res o f  the spectra  were the t r ip l e t  ( J=6. 8c/ sec .) 
at T8.82 from the methyl protons o f  the two ethoxy groups, 
and the s in g le t  at t8 .74  from the geminal methyl groups.
The in teg ra tion  fo r  the s e r ie s  o f lin e s  T8.04 to  8.28 
ind ica ted  the presence o f s ix  protons: the expected s ign a ls  
in  th is  region  o f  the spectrum were those a r is in g  from
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the tetrahydrofuran r in g  methylenes, and from the (% 
methylene o f  the Jj-ethyloxyethyl group [ 8] *  The s ign a ls  in  
the t 6-7 region  a r is e  from the remaining e igh t protons o f  
the fou r methylene groups attached to oxygen*
The spectrum, F i g ( l I I ) ,  o f  the precursor o f  the syn thetic 
d ie th er tetrahydrofu ran , 2-methyl«-2 ,5-dihydroxy“ 5"©bhoxy** 
m ethyl-7-ethoxyheptane helped to  confirm these assignments* 
Thus F i g ( I I I )  shows that the and methylene protons 
appear as a s in g le t  at T8.42 and the methylene protons at 
Cg as a t r ip le t  ( J=7*3c/sec©) at T8.2. I t  would th ere fo re  
appear that the s ign a l at T8.16 in  F i g ( l )  could be a ttr ib u ted  
to  the methylenes o f  the tetrahydrofuran r in g , and that the
i
remaining l in e s  in  the region  a r is e  from methylene 
protons o f the 5 -e tb y i group* The methylene protons o f  the 
5-m ethyloxyethyl group appear as a s in g le t  at t6 074*
The quartets ( J=6. 8c/ sec .) a r is in g  from the methylenes o f 
the two term inal e th y l groups appeared at T6.6 and 6a58.
The remaining s ign a l to  be accounted fo r ,  was that o f  the
t
C2 methylene o f  the 5 -e th y loxyeth y l group* The expected 
p o s it ion  fo r  th is  s ign a l would have been in  the t 6<,5 region  
and indeed the in teg ra tion  fo r  the t6 «3  to  6.8 region  
ind icated  the presence o f e igh t protons. By r e fe r r in g  again 
to the spectrum o f  2-methyl~2,5“ dihydroxy*-5*Bethoxymethyl«» 
7-ethoxyheptane, F ig (X I I ) ,  i t  was poss ib le  to  observe the 
s ign a l from the corresponding methylene at C^, which appeared 
as a t r ip l e t  ( J=7.3c/sec*) at T6. 36* I t  would th ere fo re
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92
Fig. (IV)
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appear that the quartets a r is in g  from the methylenes o f  the 
two term inal e th y l groups o f  the d ie th er tetrahydrofuran ( 1)
t
obscure the s ign a l from the methylene o f the 5-*e'’ck y l-  
oxyethyl group.
The spectrum o f  2 , 2 ,5- ‘fc**iniethyl-5'-ethyltetrahydrofuran  
is  shown in  F ig ( lV ) .  S a lien t fea tu res  o f  the spectrum were 
the t r ip l e t  ( J=7. 7c/seco) at T9.13 from the methyl protons 
o f  the 5~e^h.yi g^oup, the s in g le ts  at T8.83 and 8.80 from 
the almost equ iva len t geminal methyl groups, the s in g le t  at 
T8.76 from the 5~m@thyl group, the partly-obscured quartet 
( J=7. 7c/ sec .) at T8.5 from the methylene protons o f  the 
2-e th y l group, and a s in g le t  at T8.21 from the methylenes 
at and o f the tetrahydrofuran r in g .
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Chapter Four -  Section I .
The rea c t io n  o f  d ie th y l  .f3.uor.o- and d ie th y l ch-IS ro -  
o x a la c e t ic  e s te r  w ith  the G rignard reagen t o f  2 -m ethyl- 
2-te trah yd rop yran oxyb u t-3-yn e »
The p rep a ra tion  o f  m o n o flu o ro c itr ic  a c id  ( 1 ) by Ri-ve.t't [ 1 ] ,
in vo lv ed  a Reform atsky r e a c t io n  between d ie th y l f lu o r o -o x a la c e t ic  
e s te r  (2 )  and e th y l brom oacetate (3)® Although d ie th y l 
o x a la c e t ic  e s te r  ( 4 ) ,  as was s ta ted  in  Chapter Two, i s  i t s e l f  
h ig h ly  en o lis ed  i t  appears th a t the a - f lu o ro  compound i s  much 
le s s  en o lis ed  and w i l l  r ea c t as a ketone, e .g «  in  the 
Reform atsky r e a c t io n
Further examples o f  i t s  k e ton ic  nature were demonstrated by 
Bergmann [ 2 ] ,  [ 3] ,  by the condensation rea c t io n  o f  d ie th y l ' 
f lu o r o -o x a la c e t ic  e s te r  w ith  e th y l cyanoaceta te ( 5 ) and by 
the behavfcmr w ith  a V / ittig  rea gen t, t r i e t h y l  phosphonoacetate ( 6 ) .
COCOOC_H_ BrCHoC00C H
j 2 5 + 2 2 5
CHFCOOC^H 2 5
>  HOC-COOH
CHFCOOH
(2 ) (3) (1 )
COOC_H,
COCH^OOCgH
(4)
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CH2CN
+ (2 )
CHFC00CoH_ 
2 5
COOC_H_ 2 5 COOC_Hfc 2 5
( 5 ) ( 7 )
( c2h5o ) 3pch2cooc2h5 + (2 ) vCHFCOOC-H„ 2 5
0 x C00CoHt  2 5
(6 ) (8 )
Bergmann's success w ith  these r e a c t io n s , in  each case ob ta in in g  
the products ( ? )  and (8 )  expected  from a ketone ( the a - f lu o r o -  
o x a la c e ta t e ) , prompted us to  app ly  the reagen t to  a Grignard 
r e a c t io n .
I t  was hoped th a t by r e a c t in g  d ie th y lj f lu o ro -o x a la c e b ic  
e s te r  w ith  the G rignard reagen t from 2~m ethyl~2~tetrahydro— 
pyranoxybut-3-yne i t  would be p o s s ib le  to  p repare the adduct (1 0 ).  
I t  would then have been p o s s ib le  to  prepare the d ie s t e r  
te trah yd ro fu ran  (1 1 ) by a s e r ie s  o f  rea c t io n s  in v o lv in g  
redu ction  o f  the a c e ty le n ic  group, dehydration  o f  the 2 ,5 -d io l  
system , and h yd rogen o lys is  o f  the carbon f lu o r in e  bond.
CHFCOOC_H_ 
2 5
COCOOCMH
+
BrMgC s . CC( CH^) 2 
OThp
(2 ) ( 9 )
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II C OOCCHF C =  C
3 2 \ /  \
A  / C(CH3 ) 2
H C-OOC OH OH 
5 2
(10)
XOOC-H- 2 5
^ C^COOC^H^
(11)
D ie th y l f lu o r o -o x a la c e t ic  e s te r  was prepared in  74% y ie ld  
by the rea c t io n  o f  e th y l f lu o ro a c e ta te  w ith  d ie th y l o x a la te  
and sodium h yd rid e . C on firm ation  o f  the s tru c tu re  o f  th is  
m a te r ia l was .obtained from in fr a r e d  and n .m .r . s p ec tra . For the
2 ,4 -d in itrop h en y lh yd razon e  d e r iv a t iv e  o f  th is  compound B i v e t t [ l ] ,  
rep o rts  a m.p. o f  14^° and Bergmann [4 ]  g iv e s  a m.p. o f  142°. 
S e v e ra l r e c r y s t a l l is a t io n s  o f  the d e r iv a t iv e  from ethanol d id  
not change the observed  m.p. o f  124.3 °*  A C,H, and N a n a lys is  
o f  the m a te r ia l con firm ed th a t the compound was a n a ly t ic a l ly  
pure and so i t  may be th a t we ob ta ined  another c r y s ta l  
m o d ific a t io n .
The Grignard reagen t (9 )  was prepared from e th y l magnesium 
bromide and 2 -m ethyl“ 2-tetrahydropyranoxybut-3~yn .e« A s o lu t io n  
o f  d ie th y l  f lu o r o -o x a la c e t ic  e s te r  in  e th er  was added at 20° 
and the r e s u lt in g  m ixture r e f lu x e d  f o r  f i f t e e n  hours, coo led  
and poured onto ic e d  ammonium c h lo r id e  s o lu t io n . D is t i l l a t io n
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e th e r , a ffo rd e d , (a )  unreacted  2~m ethyl~2~tetrahydropyranoxy«
but~3~yne, (b )  a main fr a c t io n  b .p . 94°/ 3mm, and ( c )  a f r a c t io n
b .p . 123-5°/ 0.2mm. The in fr a r e d  spectrum o f  (b )  fea tu red  a
-1broad band o f  medium in t e n s i t y  m  the 3500- 3000cm re g io n ,
—1and two bands o f  h igh  in t e n s it y  a t 1740 and 1670cm
r e s p e c t iv e ly .  From th is  r e s u lt  i t  was u n lik e ly  th a t the
fr a c t io n  (b )  was the d es ired  adduct (10 ) as an absorp tion  
—1band at 1670cm would not have been expected  f o r  th is  type
o f  compound. The in fr a r e d  spectrum o f  the f r a c t io n  ( c )
fea tu red  a medium absorp tion  band at 3500cm" and a stron g  
«.i
band a t 1745cm . Th is  r e s u lt  seemed to  in d ic a te  th a t the
fr a c t io n  ( c )  might have been the d es ired  product (1 0 ),  but
a Lassaigne t e s t  f o r  the presence o f  f lu o r in e  was n eg a tiv e *
19E f fo r t s  to  ob ta in  a F n .m .r. spectrum o f  th is  m a te r ia l 
i\rere a lso  unsu ccessfu l and an in te rp r e ta t io n  o f  the p .m .r . 
spectrum proved im poss ib le  as no c le a r ly  d e fin ed  p a tte rn s  
a rose . Re-exam ination o f  the low er b o i l in g  f r a c t io n  (b ) 
showed th a t i t  a lso  d id  not con ta in  any f lu o r in e ,  but a t e s t  
f o r  an eno l was p o s i t i v e .  On the bas is  o f  th ese  r e s u lts  i t  
was p o s s ib le  to  in t e r p r e t  the p .m .r . spectrum o f  th is  
m a te r ia l and i t  was shown th a t i t  was in  fa c t  d ie th y l 
o x a la c e t ic  e s te r *  Th is  r e s u lt  was confirm ed by comparison 
w ith  a p .m .r* spectrum o f  the au then tic  d ie th y l o x a la c e t ic  
e s te r  which had been prepared  by a C la isen  condensation 
o f  e th y l a c e ta te  and d ie th y l o x a la te .
of the residue under reduced pressure, a fter extraction into
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A repea t o f  the experim ent under s im ila r  con d it ion s  but 
in v o lv in g  a re v e rs e  a d d it io n  o f  the Grignard reagen t to  the 
d ie th y l f lu o r o -o x a la c e t ic  e s te r  a ffo rd ed  on ly  unreacted 
2-m ethyl~2-tetrahydropyranoxybut~3~yne and d ie th y l  o x a la c e t ic  
e s t e r .
D ie th y l c h lo ro -o x a la c e t ic  e s te r  (12 ) was prepared  from 
e th y l c h lo ro a c e ta te , d ie th y l  o x a la te  and sodium hydride in  
65% y ie ld .  The p .m .r . spectrum o f  a s o lu t io n  in  d eu tero - 
ch loro fo rm  showed th a t the e s te r  (1 2 ) e x is te d  in  the keto  
form to  an ex ten t o f  approx im ate ly  93%*
COCOOCH H 0 -C "'C00C2H5
I 2 5 I!
ch c icooc2h5 01-O v  cooc h
(12 ) 2 5
93% T/o
On the b as is  o f  th is  ob serva tion  i t  was decided  to  
su b jec t the d ie th y l c h lo ro -o x a la c e t ic  e s te r  to  a r ea c t io n  
w ith  the Grignard reagen t ( 9 ) .  S im ila r  con d it ion s  to  those 
used w ith  d ie th y l f lu o r o -o x a la c e t ic  e s te r  were employed but 
no products o th er  than the unreacted  2 -m eth y l-2 -te trah yd ro~  
pyranoxybut-3-yne and d ie th y l c h lo ro -o x a la c e t ic  e s te r  could 
be is o la t e d  from the r ea c t io n  m ixture*
Saturated  a lpha-ha loketones undergo w ith  Grignard 
reagen ts  fo u r  types o f  r e a c t io n s ; namely ( i )  normal 
a d d it io n  a t the carbonyl double bond to  g iv e  a t e r t ia r y  
a lc o h o la te ; ( i i )  rep lacem ent o f  the a lpha-halogen  atom by
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the organic radical of the Grignard reagent; (iii) formation 
of the enolate of the corresponding ketone; and (iv) formation 
of the enolate of the alpha-halogenated ketone.
OMgX*
(i) RCHXCOR* + R f,MgXf — ----- > RCHXC— R*
It,-R
OH
H2° v RCHXC—  R* + Mg(OH)X*
i i tR
t tR
(ii) RCHXCOR* + R ^ g X * -------- > RCHCOR* + MgXX*
OMgX*
(iii) RCHXCOR* + R**MgX*--------->  RCH^-C-R* + R* *X
H2°  ^ RCH2C0R* + R M X + Mg(OH)X!
OMgX *
(iv) RCHXCOR* + R* *MgX*  ^ RCX— O-R* + R* *H
H2° s., RCHXCOR* + R**H + Mg(OH)x'
Kharasch and Reinmuth [5], discuss this type of 
Grignard reaction and give severhl examples of each of 
the four routes.
With diethyl fluoro- and diethyl chloro-oxalacetic 
ester it would appear that approach of the Grignard reagent
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to  the keto  group could be s t e r i c a l l y  h indered  by the 
neighbouring e s te r  groups, in  which case normal a d d it io n  
at the carbonyl carbon would be obstru cted . Th is  s t e r ic  
hindrance o f  the a lp h a -h a lo -o x a la c e t ic  e s te r  might a lso  
e xp la in  why no product a r is in g  from halogen r a d ic a l  exchange 
[ r e a c t i o n ( i i ) ]  was is o la t e d  from the r ea c t io n  m ixture.
r
(CH^)2C-C=CMgBr + <  ^
C0C00CoH_ 
j 2 5
CHCICOOCLH 
2 5
(12)
OThp HO — C~000CoH
ll 2 5
i C l— C -C00CoHe V 2 5
(1 3 )
BrMgQ~C-COOC_H_ COCOOCU*
ll 2 5  w n i  2 5A  W ^ HO  | c + Mg(OH)Br
r  Cl— C~COOC_Hc — CIICICOOC-H-2 5 2 5
(14 )
The f i r s t  step  in  the re a c t io n  would be a tta ck  o f  the 
Grignard reagen t a t the e n o lic  -OH to  form the en o la te  (1 4 ) 
fo llo w ed  by e n o liz a t io n  o f  (1 2 ) to  ( 13 ) to  m aintain the 
eq u ilib r iu m . In  th is  fash ion  com plete re a c t io n  o f  the 
c h lo ro -o x a la c e t ic  e s te r  could be ach ieved* Decom position 
o f  the en o la te  (1 4 ) in  the work-up o f  the re a c t io n  m ixture 
would then r e s u lt  in  re fo rm ation  o f  the c h lo ro -o x a la c e t ic  
e s te r .
With f lu o r o -o x a la c e t ic  ester^  the main product obta ined  
from the Grignard re a c t io n  was o x a la c e t ic  e s te r  i t s e l f .
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Th is product must have a r is en  from red u c tiv e  e n o liz a t io n  o f  
the oc-haloketone (r e a c t io n  i i i ) »  Although a second product 
was is o la t e d  in  one o f  the r e a c t io n  runs, e f f o r t s  to  assign  
a s tru c tu re  to  the m a te r ia l on the bas is  o f  chem ical and 
p h y s ica l data were unsuccessfu l*
In v iew  o f  the r e s u lts  ob ta ined  from these rea c t io n s  
i t  was decided  not to  proceed any fu r th e r  w ith  th is  attem pt 
to  prepare the te trah yd ro fu ran  d ie s t e r  (11 ) by way o f  a 
Grignard rea c t io n  on an oc-haloketone*
One p o s s ib le  way o f  a vo id in g  the d i f f i c u l t i e s  encountered 
w ith  the Grignard rea c t io n  and y e t employing the a -h a lo -  
o x a la c e t ic  e s te r  would have been to  use a W it t ig  rea c t io n *
I f  the W it t ig  reagen t ( 15 ) could be prepared and i t  seems 
l i k e l y  th a t i t  cou ld , then i t  might be p o s s ib le  to  e f f e c t  
condensation w ith  the f lu o r o -o x a la c e t ic  e s te r  to  a f fo rd  
the adduct ( 16) .  D ehydration o f  ( 16) should r e s u lt  in  the 
form ation  o f  the te trah yd ro fu ran  (17 ) which could then on 
fu r th e r  treatm ent be con verted  to  the d ie s t e r  (1 1 ) ,
( CH ) -C—CH0CH0Br + ( C X )  P5 2 j 2 2 0 5 3
OThp
( CH_) -C-CH-CII-P ( CA I  )_  3 2| 2 6 5 3
OThp
(15)
(13) + 0=C
/Gooc2h5
\
CHFCOOC_H_ 2 3
CH_ CH,r-CH0 C00CoH /  d 2 ^ X  2 3
/  \
CH OH \ CHFC00CoH_ 
d  5
( 16)
H
CH.
CH.
OO Et
CH2C00Et
<■
CH
3 \ l
CH.
,C00C_H_ 
2 3
CHFCOOC^H- 
2 3
(11) ( 1 7 )
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Chapter Four - Section 2„
The rea c t io n  o f  the G rignard reagent o f  2-m ethyl-
2 -tetrahydropyranoxybu t-3 -yn e w ith  d ie th y l 2-brom osuccin ic 
e s t e r .
A fu r th e r  p o s s ib le  rou te  to  the d ie s t e r  (1 1 ) ,  r e la te d  
to  th a t using d ie th y l f lu o r o -o x a la c e t ic  e s te r  i s  o u tlin ed  
below :
CH_C00CoHc ( 2  2 3
( CH_) 0C — C= CMgBr + BrCH-COOCX3 2 j 0 2 3
OThp
(9 ) ( 18)
GH^COOCH- [ 2  2 3
A  (CH- ) 0C ~  C= C — C — COOC H_^ 3 2 | , 2 5
OThp H
(19 )
H CH2COOC2H3
( ch3 ) 2c -  ch2- ch2- |  - cooc2h5
OH H
(20 )
CHoC00C_H
■R I 2 2 3
2 v ( CH-) ^ C — CHCT-CHr-C —COOC XI _^ ^ 2 2 2 j 2 5
OH Br
(21 )
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■HBr CH
CH,
3
COOC-H 2 5
CH2COOC2H5
(11)
For p rep a ra tion  o f  the compound (2 0 ),  i t  seemed th a t the 
Grignard reagen t d e r iv ed  from 2-m ethyl~2-tetrahydropyranoxy~ 
but-3~yne might be rea c ted  w ith  d ie th y l 2-brom osuccin ic e s te r  
( 18 ) to  form ( 19 ) which cou ld  then be c a t a ly t i c a l l y  reduced 
and hydro lysed  to  (2 0 ).  Brom ination o f  th is  compound should 
a f fo r d  (2 1 ) which could then be dehydrobrominatcd to  y ie ld  the 
te trah yd ro fu ran  (1 1 )»
The d ie th y l 2-brom osuccin ic e s te r  was prepared in  80% 
y ie ld  by the passage o f  anhydrous hydrogen bromide in to  a 
so lu t io n  o f  d ie th y l m aleate in  e th er  at room tem perature.
The Grignard reagen t (9 )  which had been prepared by the 
re a c t io n  o f  2~m ethyl~2~tetrahydropyranoxybut-3-yn© w ith  
e th y l magnesium brom ide, was added to  a s o lu t io n  o f  the
2-brom osuccin ic e s te r  a t 5°<* 0** com plete a d d it io n  the re a c t io n  
m ixture was r e flu x e d  f o r  fou rteen  hours tinder n it ro g e n , 
coo led  and poured in to  ammonium ch lo r id e  s o lu t io n . E x tra c tion  
o f  the rea c t io n  m ixture in to  e th e r  and d i s t i l l a t i o n  under 
reduced pressure a ffo rd ed  unreacted s ta r t in g  m a te r ia ls  
and a product b .p . l44-50°/lmm, whose in fra r e d  spectrum 
showed main absorp tion  bands a t 3500, 1765, 1720 and 
1645 cm • Examination o f  the p .m .r . spectrum ( F i g . I )
10"f
F ig o (X )
in d ic a ted  th a t the product was not the d es ired  one, but a 
m ixture con ta in in g  some p a r t i a l l y  reduced m a te r ia l. The 
la r g e  reco ve ry  o f  the unreacted  s ta r t in g  m a te r ia l in d ic a ted  
that the G rignard reagen t (9 )  was not v e ry  r e a c t iv e  towards 
the 2-brom osuccin ic e s t e r ,  Nieuwland, Danehy, and K i l l ia n  [ 6 ] ,  
have rep o rted  th a t , in  g en e ra l, the 1-alkynylmagnesium 
brom ides, when prepared  w ith  magnesium o f  h igh  p u r ity  are 
t o t a l l y  in e r t  towards a l l y l  brom ide. When, however, cuprous 
c h lo r id e  was added to  an e th er  s o lu t io n  o f  the Grignard 
reagen t condensation proceeded ra p id ly  r e s u lt in g  in  a h igh 
y ie ld  o f  "norm al" product*
I t  may have been, th e r e fo r e ,  th a t in  our case the 
G rignard reagen t in q u ired  a c t iv a t io n *  A cco rd in g ly  the 
rea c t io n  m ixture was tr e a te d  w ith  a qu a n tity  o f  cuprous 
c h lo r id e  ( 2g per mole o f  G rignard r e a g e n t ).  The r e s u lt  o f  
the experim ent was th a t a com plete reco ve ry  o f  2~m ethyl« 
2~tetrahydropyranoxybut~3-yne was obta ined*
The second product was shown from the r e s u lts  o f  i t s  in fra r e d  
and p*m*r* sp ec tra  to  be d ie th y l m aleate* From th is  r e s u lt  
i t  would appear th a t in  the presence o f  cuprous c h lo r id e ,  
dehydrobrom ination o f  the 2-brom osuccin ic e s te r  occurs 
e x c lu s iv e ly *
From the r e s u lt s  o f  th ese  experim ents i t  appeared 
u n lik e ly  th a t a compound o f  the type (19 ) could be 
prepared by the suggested  Grignard rea c t io n *
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Since th is  work was com pleted a paper has been pub lished  
by Bestmann, Dornauer, and Rostock [7 %  the r e s u lts  o f  which 
would appear to  o f f e r  a p o s s ib le  syn th es is  o f  the compound (11 ) 
using d ie th y l 2-brom osuccin ic e s te r .  I t  was found th a t the 
rea c t io n  between a lk y liden etriph en y lph osph oran es  (2 2 ),  and 
a-brom o- o r a - io d o c a rb o x y lic  a c id  e s te rs  ( 23)? ( r a t io  o f  2 :1 ) 
g iv e s  r is e  to  the form ation  o f  oc(3-unsaturated ca rb o x y lic  
e s te rs  (2 4 ),  t r ip h e n y l phosphine and phosphonium s a lt s  ( 25 )
R1
X 'C =  P ( C X ) „  + R- C H C O O R 3
/  6 5 3 \
R X
(22 ) (23)
1 2R 1 IT
SvC“ C--COOBJ> + P( C k E L %  + R lR C H ~ P % C rH c)-X 
/  8 5 '3  6 5 3
R
(2 4 ) ( 25)
I f  the phosphorane (1 5 ) cou ld  be p repared , then 
accord ing  to  Bestmann*s r e s u lts  i t  should be p o s s ib le  to  
r ea c t i t  w ith  the 2-brom osuccin ic e s te r  to  a f fo r d  the 
product ( 26) .
CHoC00CkH„
\ 2 2 5
(CH ) C— CH CH-P(C.H^)_ + BrCHCOOC_Hc
3 2 ( 2  6 5 3  2 5
OThp
(15)
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CQOCLEL2 5
. »  ( CH ) C““CH CH-'C“ CH COOC H
3 2) 2 2 2 5
OThp
( 26)
COOC^H-
H+ ] 2 5
(CH„)«C~CH CH=CHCH"COOC H 
3 2 2 2 2 5
OH
(2 7 )
H+ s
/ • 0
L/COOC2H5
'CH_COOC_H 2 2 5
(11)
Removal o f  the t e trah yd ropyran y l group o f  ( 26) and c y c l is a t io n
o f  the r e s u lt in g  o l e f in i c  a lc o h o l ( 27 ) should then r e s u lt
in  the form ation  o f  the d es ired  te trah yd ro fu ran  in term ed ia te  ( 1 1 ) ,
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Chapter F iv e ,
The P rep a ra tio n  o f  E th y l 5 -ethoxycarbony l- 2 ,2 -d im eth y l-
5 - te tra h y d ro fu ry la c e ta te  and i t s  D egradation  to  2 .2 -  
Dimethy1 -5 -e th o xye th y l-5 ~ e t hoxyme th y l t  e trah yd ro fu ran .
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Chapter Five.
The p rep a ra tion  o f  e th y l 3 -e th oxyca rb on y I-2 .2 -d im e th y l-
3 - te tra h y d ro fu ry la c e ta te  and i t s  degradation  to  2 «.2 -d im ethyl—
3 -e th o xye th y l-3 -e th ox ym eth y lte tra h yd ro fu ra n .
Because the attem pts to  v e r i f y  the s tru c tu re  o f  the 
d ie s t e r  (2 ) by syn th es is  had not been su ccess fu l in  the 
tim e a v a ila b le  i t  was decided  to  degrade humulinic ac id  C (1 )  
two s tages  fu r th e r ,  and so ob ta in  the compound (4 )  f o r  
comparison w ith  the specimen a lrea d y  syn thes ised  (Chapter 3 )*  
I t  appeared th a t a lith iu m  aluminium hydride redu ction  o f  
the degradation  product o f  (2 )  fo llo w ed  by e th y la t io n  
would y ie ld  ( 4 ) .
(1 ) (2 )
LiA lH ^
I t  was th e r e fo r e  n ecessary  to  ob ta in  hunralinic a c id  C, 
and th is  was done by is o m er iza t io n  o f  humulinic a c id  A (6 ) 
which had been ob ta ined  from n a tu ra lly  occu rrin g  humulone ( 5 %
Lupu lin , which i s  a hop e x tra c t  having an a lp h a -ac id  
content o f  not le s s  than 18%, was ex tra c ted  in to  methanol 
by standing ove rn igh t under n itro g e n . The t o t a l  a lp h a -ac id  
con ten t o f  the e x tra c t  was estim ated  on an a liq u o t  by 
conductoraetric t i t r a t i o n  w ith  raethanolic lea d  a c e ta te . The 
t o t a l  e x tra c t  was then tr e a te d  w ith  the c a lcu la ted  qu a n tity  
o f  lea d  a ce ta te  in  methanol and the p r e c ip ita te d  s a l t  was 
f i l t e r e d  and a i r  d r ie d . A m ethanolie suspension o f  the lea d  
s a l t ,  which had a b r ig h t  green co lo u r , was then tr e a te d  w ith  
gaseous hydrogen su lph ide to  s a tu ra tio n . The p re c ip ita te d  
lea d  su lph ide was f i l t e r e d  o f f  to  a f fo rd  a s o lu t io n  o f  the
(5 )
H
(6 )
""'•OH
(1 )
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f r e e  a lph a -ac ids  in  methanol* C oncentration  o f  the f i l t r a t e  
under a s l i g h t l y  reduced p ressu re o f  n itro gen  a ffo rd ed  a 
reddish-brown co lou red  res id u e  which was taken up in  benzene 
and tr e a te d  w ith  a s o lu t io n  o f  a ca lcu la ted  q u a n tity  o f  
o-phenylenediam ine in  benzene. A f t e r  c o o lin g  in  an ic e -b a th  
the a lp h a -ac id  o-phenylenediam ine complex p r e c ip ita te d  out 
o f  s o lu t io n . The nature o f  th is  complex has a lrea d y  been 
r e fe r r e d  to  in  chapter one. R e c r y s ta l l is a t io n  o f  th is  
m a te r ia l from 50/50 cyclohexane-benzene to  constant m.p. 
1 1 7 -7 .5 °} a ffo rd ed  the pure humulone o-phenylenediam ine 
complex. The continuous r e c r y s t a l l is a t io n  to  constant m„p* 
o f  the complex removes the humulone analogues, cohumulone 
and adhumulone, the o-phenylenediam ine complexes o f  which 
are  more s o lu b le . I t  was p o s s ib le  to  fo l lo w  the p u r i f ic a t io n  
by th in -layer-chrom atography®  For th is ,  a sample o f  the 
complex was suspended in  w a ter, decomposed by d i lu te  
h yd ro ch lo r ic  a c id  and ex tra c ted  w ith  e th e r . A drop o f  the 
e th e r  e x tra c t  was then run on a s i l i c a  t , l * c .  p la t e .
The r e c r y s t a l l is e d  o-phenylenediam ine complex was 
suspended w ith  s t i r r in g  in  e th e r  and decomposed by the 
a d d it io n  o f  2M h yd ro ch lo r ic  a c id . Removal o f  the s o lv e n t , 
a f t e r  sepa ra tion  from th e aqueous phase, a ffo rd ed  humulone
/
as a waxy s o l id .  I t s  id e n t i t y  was confirm ed by comparison 
o f  the u .v . s p ec tra , f o r  s o lu t io n s  in  a c id ic  and bas ic  e th a n o l, 
w ith  those recorded  in  the l i t e r a t u r e  [ l ] .
In  one t y p ic a l  p rep a ra tio n  o f  humulone, 75°S o f  lu p u lin
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a ffo rd ed  380g o f  the lea d  s a l t ,  230g o f  which on fu r th e r  
treatm ent gave 31*7g o f  the pure o-phenylenediam ine complex 
which when decomposed re s u lted  in  15g o f  humulone©
The humulone was then con verted  to  humulinic a c id  A by 
r e f lu x in g  in  a lk a l i  under n it ro g e n . The b o i l in g  rea c t io n  
m ixture was poured onto cracked ic e  and h yd ro ch lo r ic  a c id  
eq u iva len t to  the amount o f  a lk a l i  used. C a re fu l n e u tra lis a t io n  
o f  the rea c t io n  m ixture was e s s e n t ia l f o r  reasonab le  y ie ld s  
(>70% ), the y ie ld  being g r e a t ly  reduced «4 o % ) i f  the re a c t io n  
m ixture was a c id i f ie d  too  s t r o n g ly .  The id e n t i t y  o f  the 
product was con firm ed by comparison o f  the u.v© and p .m .r . 
sp ec tra  w ith  those o f  au th en tic  humulinic a c id  A [ 2 ] .
The p resen t method o f  p rep ara tion  o f  humulinic a c id  A avo ids  
the n e c e s s ity  o f  is o la t in g  the th ree  o th er  degradation  
p roducts, 4 -m ethylpen t-3 “ ©ftoic a c id , isobu ty ra ld eh yd e , and 
acetone© However, th is  was done in  one experim ent by 
d i s t i l l i n g  the a lk a lin e  rea c t io n  m ixture (R ) in to  6M hydro­
c h lo r ic  a c id  so lu t io n  con ta in in g  2 ,4 -d in itro p h en y lh yd ra z in e . 
C o lle c t io n  o f  the p r e c ip i t a t e  formed a ffo rd ed  the is o b u ty r ­
aldehyde d e r iv a t iv e  and e x tra c t io n  o f  the f i l t r a t e  in to  
benzene and removal o f  the s o lv en t a ffo rd ed  the 2 ,4 -d in i t r o -  
phenylhydrazone o f  aceton e. A c id i f ic a t io n  o f  the a lk a lin e  
res idu e  (R ) , fo llo w ed  by d i s t i l l a t i o n  then a ffo rd ed  o i l y  
4~methylpent~3*-enoic a c id  which was is o la t e d  as the p-bromo- 
phenacyl d e r iv a t iv e .  Cook and H arris  T33i f i n a l l y  e x tra c ted  
the res idu e  from d i s t i l l a t i o n  o f  the 4~methylpent~3~enoic
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ac id  in to  ch loroform  and so obta ined humulinic a c id  A. When th is  
was repeated  however, we were unable to  is o la t e  any id e n t i f ia b le  
product from the d i s t i l l a t i o n  res idu e , and other workers have 
had the same experience £ 4J *
Treatment o f  humulinic a c id  A w ith  p e rc h lo r ic  a c id  in  
g la c ia l  a c e t ic  a c id  at room temperature a ffo rd ed  humulinic ac id  
C as an orange o i l ,  b .p P 120-30°/*10” ^mm, in  70$ y ie ld .
Confirm ation o f  the id e n t it y  o f  the product was obta ined  by 
comparison o f  the u.v*. and p.m .r* spectra  w ith  those recorded by 
Burton, Stevens, and E lv id ge  £ 5J  * Anteunis e t  a l .  D d  , rep o rted  
th a t the p repara tion  o f  humulinic a c id  C on a sca le  g re a te r  than 
3g o f  humulinic a c id  A was extrem ely  p recariou s. This was confirm ed 
by us when treatm ent o f  6g humulinic a c id  A resu lted  in  on ly  a 
I0$> y ie ld  o f  humulinic a c id  C.
O xidation  o f  humulinic a c id  C w ith  sodium m etaperiodate 
in  aqueous ethanol a t room temperature f o r  th ree days, 
f i l t r a t i o n  from p re c ip ita te d  sodium iodate. and e x tra c t io n  in to  
e th er  a ffo rd ed  the crude d icarboxylic- a c id  (7 )«  This was not 
is o la te d  but was converted  to  the d ie s te r  (2 ) ,  by
COOH
CHgCOOH
(7 )
-> H f
Hi C
(2 )
c  o o c a H$-
ce2qooc215
r e f lu x in g  in  e th a n o lic  su lphuric a c id . The l iq u id  d ie s te r ,
1 X8
Q  ^a /|.
b .p . 66-72 /10 mm, had a p .m .r . spectrum id e n t ic a l  w ith  
th a t rep o rted  by Burton, Stevens and E lv id ge  [ 5]®
The d ihydroxy te trah yd ro fu ran  ( 3 ) was prepared  by 
treatm ent o f  the d ie s t e r  (4 )  w ith  lith iu m  aluminium hydride 
in  r e f lu x in g  e th e r . The nature o f  the product was confirm ed 
by an elem enta l a n a ly s is  and from the p .m .r . spectrum ,the 
r e s u lts  o f  which are g iven  below#
P .m .r . r e s u lts  f o r  5 45~dim ethyl-2-hydroxym ethyl-2-hydroxy» 
e th y lte tra h yd ro fu ra n  in  carbon te t r a c h lo r id e  con ta in in g  
t  e tra m e th y ls ila n e .
I
A s s ig n m e n t_______
gem -dim ethyl groups
methylene o f  -CH CELOH 
attached  to  THF r in g
methylenes, o f  THF r in g
two hydroxy groups (s ig n a l  
absent a f t e r  d eu tera tion  
o f  sample)
methylene o f  -CH^OH
methylene o f  -CH^CHpOH 
attached  to  hydroxy l 
group.
The f in a l  step  in  the rea c t io n  scheme was the con vers ion  
o f  the d ihydroxy compound ( 3 ) in to  the d ie th y l e th e r  w ith  
d ie th y l su lphate in  a lk a lin e  aqueous ethanol a t 35~40°.
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E x tra c tio n  in to  e th e r  and d i s t i l l a t i o n  o f  the res idu e  under 
reduced pressu re a ffo rd ed  th e product (4 )  in  72% y ie ld .  
Con firm ation  o f  the s tru c tu re  o f  th is  f in a l  product was 
ob ta ined  from the e lem en ta l a n a ly s is  and the in fr a r e d  and 
p .m .r i sp ec tra * The r e s u lt s  o f  the p .m .r. spectrum were 
compared w ith  those o f  the m a te r ia l d escrib ed  in  Chapter 
T h ree-S ection  I  and found to  be s im ila r *  The r e s u lts  o f  the 
p .m .r . spectrum are  d iscussed  in  con junction  w ith  those o f  
the syn th e tic  m a te r ia l in  Chapter Th ree-S ection  4©
)
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Melting points were determined with a Kofler hot-stage 
apparatus and are uncorrected.
Microanalyses were carried out by:
Dr. Alfred Bernhardt,
Microanalytisch.es Laboratorium,
5251* Elbach Tiber Engelskirehen,
Fritz-Pregl-Strasze 14«16,
West Germany.
and
The University of Surrey,
Microanalytical Service.
P.M.R. spectra were recorded on a Perkin-Elmer R 10 n.m.r. 
spectrometer operating at 60 Mc0/sec* and at 34°. Peak 
compositions are indicated by the following letters after 
each T value, s= singlet, d= doublet, t= triplet, 
q= quartet, m= multiplet.
Infrared spectra were recorded on a Unicam SP 200 spectrometer. 
Ultraviolet spectra were recorded on a Unicam SP 800 
spectrometer.
Notes on Experim ental Procedure.
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1 ,4~Bisbenzyloxybut-2~yne»
In a 2-litre three-necked flask, equipped with a dropping 
funnel, condenser and a mercury sealed stirrer, was placed 
1 litre of dried ethanol* The apparatus was flushed with 
nitrogen, and sodium (46g, 2m) added at a rate to maintain 
gentle refluxing. On complete addition of sodium the mixture 
was refluxed with stirring for 2 hours. A solution of 
2-butyne-1 ,4-diol (86.1g, 1m.) dissolved in ethanol (100ml) 
was added dropwise and the mixture refluxed with stirring 
for 2 hours. Approximately 900ml of ethanol was then removed) 
by distillation and toluene (1 1 , sodium dried) was added to 
the reaction mixture. A further 500ml of solvent was removed 
and the process repeated with an extra 1 litre of toluene.
The reaction mixture was then cooled to room temperature and 
benzyl chloride (2 53«2g, 2m) in toluene (200ml) was added 
dropwise. The reaction mixture was then refluxed with stirring 
for 3 days, cooled to room temperature, the precipitated 
solid removed by filtration, and the solvent removed by 
distillation. Distillation of the residue under a reduced 
pressure afforded*
(1 ) the monobenzyl ether of 2-butyne,1 ,4~diol, 
b.p. 140~8° /0.5mm, yield 30.0g$
(2 ) 1 ,4-bisbenzyloxybut-2~yne, b.p. 182-90° / 0*5^ ra>
pnyield 71.Og, n^ = 1.5569, (Found: C, 81.06? E, 7.00. 
Calculated for C^gH^gO^ : C, 8 1.16 5 E, 6.81% ),
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(lit [1] b.p. 220-2°/l2mm, J 9 ' 5 = 1-55 9 0 )
T(CCl^) 5*81s (to, 2CH2 adjacent to ethereal oxygen and the 
triple bond), 5*43s (4H, 2CH2 adjacent to ethereal oxygen 
and to phenyl groups), 2.68s (10H, benzene ring protons).
0 (liquid film), 3090,2890 (CH) ; 7^5, 700 (CgH^) cm" 1 .
1 «,4-Blsbenzyloxybut~2~yne.
4-Bbnzyloxy-1—hydroxybut>-2—yne (l7.6g, 0.1m) in ethanol 
(50ml) was added dropwise to a solution of sodium (2*3g) 
in ethanol (200ml)„ The mixture was refluxed for 2 hours 
and most of the ethanol removed by distillation. The process 
was repeated with, a further 200ml of xylene. The reaction 
mixture was cooled to room temperature and a solution of 
benzyl chloride (I2«6g) in xylene (50ml) was added dropwise.
The mixture was refluxed for 2 days, cooled to room temperature,, 
and water (100ml) added. The organic layer was removed and 
the aqueous layer extracted into diethyl ether. The combined 
organic extracts were dried over anhydrous magnesium sulphate. 
The solvent was removed by distillation and the residue 
distilled under reduced pressure to afford 1 ,.4-bisbenzyIoxybut~ 
2—yne (l6.2g, 59.5%)* 205~8°/6mm, n20 = 1.5569.
1 2 5
Attempted synthesis of 1 .4—bisbenzyloxybutan-»2-one by the 
catalytic hydration of 1 ,4-bisbenzyloxybut~2->yne.
(a) Using yellow mercuric oxide as catalyst.
A solution of 1,4-bisbenzyloxybut“2-yne (5g) i*1 95% ethanol 
(20ml) was added dropwise to anmixture of yellow mercuric oxide 
(0.5g), 95% ethanol (20ml) and concentrated sulphuric acid 
(0.5g). On complete addition of the dibenzyl ether the yellow 
coloured solution had changed to a dull grey colour. A further 
0*5g of mercuric oxide was added and the reaction mixture 
heated at 60° for 1 hour, cooled to room temperature and 
anhydrous sodium acetate (2g) added with vigorous stirring 
and the mixture was then kept at room temperature overnight.
The solids were removed by filtration and most of the ethanol 
removed by distillation. The residue was extracted into ether 
and the ether extract washed with saturated bicarbonate solution 
and water and dried over anhydrous magnesium sulphate. The 
ether was removed by distillationv and distillation of the residue 
under reduced pressure afforded 0.78g of benzaldehyde, 
b.p. 8°/l.3mm. The remainder of the residue decomposed to 
a black solid at an oil bath temperature of 238°. The infrared 
spectrum of the product, N(Xiq.film), 3100(aromatic CH);
2830,2750(aldehyde CH); 1695(C=0)» 1599/58 5(aromatic C-C);
/j
750(aromatic CH) cm" ] compared with that of benzaldehydeCf?].
The 2,4-dinitrophenylhydrazo-ne derivative of this product, 
crystals from ethanol, had a m.p. 238°, ( 2,4-DNPH! derivative
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of benzaldehyde was 237° [6] )« A mixed m*p. with the
2,4-DNPIB of benzaldehyde was 238°.
(b) Using red mercuric oxide as catalyst.
A solution of 1,4~bisbenzyloxybut~2-yne (5g) in 75% ethanol 
(25ml) was added dropwise to a mixture of red mercuric oxide 
(3g), concentrated sulphuric acid (4g), and 75% ethanol (40ml)* 
The temperature rose slowly to 50°during the course of the 
addition® On complete addition the temperature of the reaction 
mixture was maintained at 50° for 1 hour, cooled to room 
temperature and anhydrous sodium acetate (5®5g) added with 
vigorous stirring® The mixture was kept at room temperature 
overnight, the solids removed by filtration and the filtrate 
extracted into ether* The ether extract was dried over 
anhydrous magnesium sulphate* The solvent was removed by 
distillation^and distillation of the residue under reduced 
pressure afforded benzaldehyde (l®6?g) b*p* 62-6°/lmm.
A further 1*08g of a higher boiling fraction 14o-53°/1rom 
was collected, but this, on standing at room temperature for 
1 hour changed from a pale yellow to a dark brown colour*
On redistillation under nitrogen, this material decomposed to 
a black solid at an oil bath temperature of 224°* The 
benzaldehyde was identified as in the previously described 
experiment, by its infrared spectrum and its 2,4-DNPH 
derivative, m.p. 2 37*5°*
1 2 ?
(c) Using mercuric acetate as catalyst©
A solution of 1,4-bisbenzyloxybut~2-yne (2g) in ether (2ml)
was added dropwise to- a 3 %  aqueous ethanolic Hg(0Ac)2 solution
(100ml). The mixture was refluxed with stirring for 5 hours,
cooled to room temperature, and H^S gas passed into the
mixture to precipitate the mercury as its sulphide. The
precipitate was removed by filtration and the filtrate was
extracted into ether. The ether extract was washednwith
saturated bicarbonate solution and with water and dried over
anhydrous magnesium sulphate. The solvent was removed by
distillation* and distillation of the residue under reduced
opressure afforded (^1 ) benzyl alcohol (0»3g ) / 1mm,and
(2) 1,4-bisbenzyloxybut-2-yne (lo>0g)kb«P® l82-6°/1mm. The
infrared spectrum of fraction (1 ), ['0 (liq.film), 3400(01);
3075,3050,2900,2750(CH.); 1600,,1580(aromatic C-C); ?4o,
—i700(aromatic CH) cm , compared with that of benzyl alcohol. 
The 1,4~bisbenzyloxybut-2-yne was identified by comparison 
of its infrared spectrum with that of the starting material 
( ef. synthesis of 1 ,4—bisbenzyloxybut—2—yne)*
12 8
(d) Using mercury p~toluenesulphonamide as catalyst.
Mercury p-toluenesulphonamide [83 was prepared by heating 
p-toluenesulphonamide (7*86g, 0.046m) and red mercuric oxide 
(4«>7g, 0.022m) at 200° for 2.5 hours. The cooled product was 
pulverised and washed several times with ethanol to remove 
excess p—toluenesulphonamide.
Mercury p-toluenesulphonamide (5»4g) was added to a 
solution of 1 ,,4—bisbenzyloxybut-2—yne (3g) in 96%  ethanol (85ml) 
and the mixture refluxed with stirring for 72 hours, cooled 
to room temperature and saturated with H^S gas. The precipitated 
mercuric sulphide was removed by filtration and the filtrate 
poured into ether, washed with dilute alkali to remove the 
p-toluenesulphonamide. The ether layer was washed with water 
and dried over anhydrous magnesium sulphate. The solvent was 
removed by distillation. Distillation of the residue under 
reduced pressure afforded benzaldehyde (0.02g),. b.p. 60-2°/0*7ram, 
and 1,4-bisbenzyloxybu±-2-yne (0.9g), b.p. l68-740/lnim.. The 
benzaldehyde and 1,4—bisbenzyloxybut-2—yne were identified ixl 
the manner previously described.
(e) Using mercuric sulphate as catalyst.
A solution of 1 ,.4-bisbenzyXoxybut-2~yne (10g) in 96%  ethanol 
(20ml) was added dropwise to a 20%  solution of mercuric 
sulphate in Jfo aqueous sulphuric acid (20ml). The mixture was 
vigorously stirred for. 19 hours at. room temperature and
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refluxed for 1 hour, cooled to room temperature and extracted 
into, ether®, The combined organic extracts were washed with 
saturated bicarbonate solution and with water and dried over 
anhydrous magnesium sulphate* The solvent was removed by 
distillation* Distillation of the residue under reduced ; 
pressure afforded G*37g o f  the impure ketone, 1 ,4—bisbenzyl— 
oxybutan-2-one, b.p® l4o~4°/0#2mm. This product was identified 
from a pmr spectrum. T(CDCl^), 7*3i(2Hi, methylene adjacent 
to carbonyl group,J=6c/sec), 6*29t(2H, methylene adjacent to 
ethereal oxygen, J=6c/sec.), 5*95s(2B, methylene adjacent to 
carbonyl group and to ethereal oxygen), 5*5s(4H, methylenes 
adjacent to ethereal oxygen and to phenyl groups),
2*7 1s(10B., aromatic protons)®
The impurities occurred at T % 8, 5»4, 5®35 an(* 2*72® It was 
not possible to purify this product* The reaction was repeated 
and again a very low yield of the impure ketone was obtained®
(f) Using piperidine as catalyst.
A solution of 1,4-bisbenzyloxybut«2-yne (I0g,0*03?m) in dry 
ether (30ml) was cooled to 5°<» Piperidine (6*3g, 0.074m) was 
added to the solution and the temperature rose slowly to 29*5° 
(room temperature 24*5°)* The mixture was kept at 20° for 2 hours 
and then quickly extracted with 0.25N HCI (150ml)® Ether (50ml) 
was added to the organic portion and the whole kept at 20° 
overnight® The reaction mixture was washed with saturated
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bicarbonate solution and with water and then dried over 
anhydrous magnesium sulphate. The solvent was removed by 
distillation* Distillation of the residue under reduced 
pressure afforded 8o0g of unchanged starting material,, 
b.p. 'l82°/l*5mm,i n ^  = 1*5570. This experiment was repeated 
using the same molar quantities of the reactants and tetra— 
hydrofuran as solvent, but this time the bath temperature 
was raised to 50°o The result of the experiment was the 
same as before, almost, complete recovery of unchanged 
starting material.
(g) Using morphoXlne as catalyst.
To 1 ,;4—bisbenzyloxybut-2-yne (lOg, 0*037m) was added marpholine 
(6.36g, 0.074m). The mixture was refluxed with stirring at 
the boiling point of morpholine (128°) for 9 hours, cooled to 
room, temperature and extracted with 0.25N HCI solution until 
the organic layer was justt acidic* Tetrahydrofuran (50ml) was 
added to the organic layer and the mixture refluxed for a 
further 5 hours, cooled to room temperature and washed with 
saturated bicarbonate solution and with water and dried over 
anhydrous magnesium sulphate. The solvent was removed by 
distillation. Distillation of the residue under reduced 
pressure afforded (1 ) benzaldehyde (0.7g)» b.p.64°/1mm.,
(2 ) 1 ,4~bisbenzyloxybut~2~yne (7#7g),b.p.176°/lmra, n20 =1 *5568* 
The benzaldehyde was identified by its infrared spectrum* and 
from its 2,4—DNPH derivative as previously described.
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(h) Using ruthenium trichT.ori.de as ca£alyst.0
A mixture of ruthenium chloride (0#5g) 4m HCI solution (50ml) 
was refluxed with stirring for 1 hour# This was done to convert 
any ruthenium tetrachloride to ruthenium, trichloride. After 
cooling to room temperature, 1 ,4-bisbenzyloxybut-2-yne (7g) 
was added to the mixture# The reaction mixture was heated at 5°° 
with stirring for 16 hours# After -stirring for 1#5 hours the 
mixture had changed from a dark brown colour to a reddish 
purple. After a further 12 hours (overnight) the colour had 
reverted to the original dark brown.. On cooling to room 
temperature the reaction mixture was extracted into ether 
using a continuous ether extractor, the organic extract washed 
with saturated bicarbonate solution and with water and dried 
over anhydrous magnesium sulphate. The solvent was removed 
by distillation. Distillation of the residue under reduced 
pressure afforded benzaldehyde (0*7g), b.p. 66—8°/lmm.
At an oil bath temperature of 210° the remainder of the 
residue decomposed to a black solid. The benzaldehyde was 
identified as previously described*
(j) Using methanol and, sulphuric; acid#
1,4-bisbenzyloxybut-2-yne(7g') v/as added to sulphuric acid (0.#5gO' in 
methanol(25ml) at 50°.The mixture was stirred at 65° for- 2 .5 hours, 
cooled to room temperature, neutralised by the addition of 
sodium carbonate solution and then extracted into ether.
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The combined organic extracts were dried over anhydrous 
magnesium sulphate. The solvent was removed by distillation. 
Distillation of the residue under reduced pressure afforded 
the unchanged starting material, 1 ,4~bisbenzyloxybut~2~yne,
p p  '*■
(3.2g), b.p. 17^-80 /1mm , np = 1.5565.
2-Benzyloxyethanol.
To refluxing ethylene glycol (93°1g) was added sodium metal 
(8„05g) in approximately 0.5g portions. On complete addition 
the mixture was refluxed for 0 .5 hours and then cooled to 
room temperature. A solution of benzyl chloride (63.3g) in 
xylene (50ml) was added dropwise® On complete addition, the 
mixture was refluxed for 0 .5 hours, cooled to room temperature 
and the precipitated solid removed by filtration. The solvent 
was removed by distillation. Distillation of the residue 
under reduced pressure afforded 2-benzyloxyethanol , (42.7g,
p  f.
81% based on sodium), b.p. 109°/2.5mm , n^ = 1 .5^82 ,
(lit [93, b.p. 95°/0.25mm , n^° = 1.5209)
Chloroethy&enzyl ether.
A solution of freshly distilled thionyl chloride (36g) in 
chloroform (50ml) was added slowly to a mixture of 2-benzyloxy-
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ethanol (42g) and N,N-dimethyIaniline (32©67g)© The temperature 
of the reaction mixture was kept between 20 and 30° during 
the course of the addition. The mixture was then refluxed for 
0.5 hours, cooled and poured into dilute HCI (100ml). The 
aqueous layer was extracted into chloroform. The organic 
layers were combined and the solvent removed by distillation. 
Distillation of the residue under reduced pressure afforded 
chloroethylbenzyl ether, (39*5g, 84%), b.p. 92°/2mm, n24 =1 .5 17$. 
(Found; C, 63.47;. Hi, 6.6 7. Calculated for C^H^CIO, C, 63.37;
Hi, 6,50%); (lidoT, b.p. 124°/20mm, n20 « 1.5204). 
irfCDCl^ ), 2.69s(5H, aromatic protons), 5<>46s(2H, methylene 
adjacent to phenyl group and to ethereal oxygen), 6 .3 6 s(4Hi, 
methylenes adjacent to ethereal oxygen and to chlorine).
2-Benzyloxyacetic acid.
To refluxing benzyl alcohol (55.3g) was added sodium metal 
(I1.45g) in approximately 0.5g portions. On complete addition 
the mixture was refluxed with stirring for 1 hour. A solution 
of chloroacetic acid (I9»08g) in xylene (100ml) was added 
dropwise. On complete addition the mixture was refluxed with 
stirring for 48 hours, cooled and poured into water. The 
organic layer was removed and washed with water. The combined 
aqueous extracts were acidified with dilute HCI. A yellow 
oil appeared at the bottom of the flask. The mixture was
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extracted into benzene and the combined organic extracts were
dried over anhydrous magnesium sulphgte. The solvent was
removed by distillation* Distillation of the residue under
reduced pressure afforded 2-benzyloxyacetic acid (2 3*96g,
26
7 1*5% based on benzyl alcohol), b.p. 132 /1mm, n^ ~ 1 ®5 2 5 5». 
(liCul, b.p. l65°/5mm*
2-BenzyIoxyacetyl chloride*
2—Benzyloxyacetic acid (3 1*5s) was treated with freshly 
distilled thionyl chloride (approx*1.2m excess). The reaction 
mixture was maintained at a temperature of 80° for 1 hour*
The excess thionyl chloride was removed by distillation and 
distillation of the residue under reduced pressure afforded 
2-benzyloxyacetyl chloride (33*64g, 96%), b.p# 95-7°/linm ,
n23 = 1 *5 2 3 5* dit.Cn], b.p. 8l-3°/0.6mm, n23 = 1 .5236),
0(liq film); 3005,2900(CK) ; 1795(C=0 of acyl chloride) ; 
1130(C-0~C) ; 755,695(monosubstituted aromatic CH).
The reaction of 2-benzyloxyacetyl chloride with the alkyl 
cadmium reagent of chloroethylbenzyl ether.
A solution of chloroethylbenzyl ether (I5g) tetrahydrofuran 
(20ml) was added dropwise to magnesium (2.06g) in tetrahydro-
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furan. A crystal of iodine was added to initiate the formation 
of the Grignard reagent. On complete addition, the reaction 
mixture was refluxed with stirring under an atmosphere of 
nitrogen until all the magnesium had reacted. After cooling 
in an ice-bath, anhydrous cadmium chloride (l6.l4g) was added 
in approximately 4g portions. The mixture was refluxed with 
stirring until a Gilman test [133, Tor the presence of a 
Grignard reagent was negative. Most of the tetrahydrofuran 
was then removed by distillation under nitrogen and was 
replaced by benzene (100ml). Approximately 50ml of benzene 
was then removed by distillation and the process was repeated 
with a further 200ml of benzene. A solution of 2-benzyloxy— 
acetyl chloride (l4.76g) in benzene (50ml) was added rapidly - 
to the refluxing reaction mixture. Within a few minutes a 
pink solid began to precipitate out. The mixture was refluxed 
for a further 1 hour and then poured into ice-cold water 
and the complex was decomposed by the addition of dilute 
H^SO^* The organic layer was removed and the aqueous layer 
extracted into ether. The combined organic extracts were 
washed with saturated bicarbonate solution and with water 
and dried over anhydrous magnesium sulphate. The solvent was 
removed and distillation of the residue under reduced pressure 
afforded 10.5g of a product b.p. 172-4°/l.3mm, n) (liq.film), 
2950, 2870, 2800(CH) j. 174o(C=0)j 1110 (C-O-C); 735,695
(monosubstituted benzene). Attempts to form the 2,.4-dinitro-
J
phenylhydrazone and semicarbazone derivatives of this product
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were unsuccessful, but a hydroxamic test for the presence 
of an ester group was positive. Examination of the p.m.r. 
spectrum on the basis of this result indicated that the 
product was a mixture, the main portion of which was the 
benzyl ester of 2-benzyloxyacetic acid. TCC'DCl^ ), 5*98s,
(2H, methylene adjacent to ester group and to benzyloxy 
group), 5.45s (2H, methylene of 2-benzyloxy group), 4.88s 
(2H, methylene of benzyloxycarbonyl group), 2.74 and 2.73s 
(10H, aromatic protons). The remaining signals appeared at
T8.23, 6.5 3, 6.02.
The reaction of acetyl chloride with the alkyl cadmium 
reagent of chloroethylbenzyl ether.
A solution of chloroethylbenzyl ether(I0g) in ether (40ml) 
was added to magnesium (l.4g) in ether (20ml). A crystal of 
iodine was added to initiate the formation of the Grignard 
reagent© The mixture was refluxed with stirring until all 
the magnesium had reacted. After cooling to 0-5° anhydrous 
cadmium chloride (I0.6g) vras added and the resulting mixture 
refluxed with stirring until a Gilman test for the presence 
of a Grignard reagent was negative. The solvent was changed 
to benzene in the manner described in the previous experiment* 
A solution of acetyl chloride (4.5g) in benzene (50ml) was 
added rapidly to the reaction mixture at a temperature of
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45°. The resulting mixture was stirred at this temperature 
for 4 hours and then refluxed for 1 hour, cooled and poured 
onto iced NH^Cl solution. The organic layer was removed and 
the aqueous layer extracted into benzene* The combined 
organic extracts were washed with water and dried over 
anhydrous potassium carbonate# The solvent was removed by 
distillation and distillation of the residue under reduced 
pressure afforded benzylacetate (5#4g), b*p« 99°/lOmm,
1*5235, \) (liq.film), 30?5,298o(CH)j 1?35(C=0)j 
1230(.C-0«C) j 755,7.00(monosubstituted benzene), t(CCI^), 
8.01s(3H, methyl protons of acetyl group), 4#99s(2H,methylene 
of ester group), 2.?5s(5H, aromatic protons)* Lit. [ 6  3, 
b*p* 93“4G/lOmm, 1 *5232*
2-Benzyloxyacetonitrile.
Sodium cyanide (49g) was dissolved in a mixture of 37% 
aqueous formaldehyde (100ml) and methanol (200ml) which had 
been cooled in an ice bath* On complete dissolution of the 
cyanide, a solution of benzyl chloride (I26*5g) in methanol 
(200ml) was added dropwise. The mixture was heated gently 
until a reaction set in. The mixture was then refluxed for 
10 minutes, cooled and poured into water (200ml). The organic 
layer was removed and the aqueous layer extracted into a 
1:1 mixture of ether/pe+ether (40-60). The combined organic
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extracts were dried over anhydrous magnesium sulphate. The 
solvent was removed by distillation. Distillation of the 
residue under reduced pressure afforded 2-benzyloxyaceto- 
nitrile, (I02g, 69%), b.p. 104°/2mm, n21c3= 1.51103
(Found; C, 73-26; H, 6.32; N, 9*28, Calculated for C^H^NO;
C, 73-43? H, 6.16; N, 9.32%)- (lit [12], b.p, l40°/20mm)o
The reaction of 2-benzyloxyacetonitrile 'with the Grignard 
reagent of chloroethylbenzyl ether,
A solution of chloroethylbenzyl ether (l6*87g) in tetrahydro— 
furan (50ml) was added to magnesium (2.43g) in tetrahydrofuran 
(25ml). A crystal of iodine was used. to initiate the 
formation of the Grignard reageht. The mixture was refluxed 
with stirring under nitrogen, until all the magnesium had 
reacted. After cooling to room temperature, a solution of 
2-benzyloxyacetonitrile (l1 .76g) in tetrahydrofuran (50ml) 
was added dropwise. On complete addition, the reaction 
mixture was refluxed with stirring for 42 hours, cooled, 
and poured onto crushed ice, and treated with aqueous 
NH^Cl solution. The mixture was extracted into ether, and 
the combined extracts were washed with water and dried over 
anhydrous MgS(%« The solvent was removed by distillation* 
Distillation of the residue under reduced pressure afforded 
(1 ) benzyl alcohol (l.3g)s b.p. 72°/l.5mm» (2 ) a pale yellow
139
liquid (l*1g), b#p« 166~?0°/1 .5mm, and (3) a solid (8.1g), 
m.p. 29«5°*(which distilled at an oil bath temperature of 
230° / l ^ b e  benzyl alcohol was identified from its 
infrared spectrum and by comparison with an authentic spectrum© 
The infrared spectra of the higher boiling liquid and of 
the solid material were similar; for the liquid, 'O (liq.film), 
3350 broad (NH_); 1660(.NH); 1100(C~0-C)} 74-5, 695(mono~ 
substituted benzene): for the solid,V (nujol mull),
3450, 3250(NH); 1660 broad (NH), 1100(C-0-C); 745,695(mono­
substituted benzene). An isocyanide test [1 5 ] for the presence 
of a primary amine was positive.
The reaction was repeated using 1 1 .5g of chloroethyl­
benzyl ether, 1 *65g of magnesium and 10g of 2-benzyloxy- 
acetonitrile. After formation of the Grignard reagent was 
complete the solvent was changed from ether to benzene.
A solution of 2-benzyloxyacetonitrile in benzene (50ml) 
was then added rapidly to the reaction mixture. The mixture 
was refluxed with stirring under nitrogen for 4 days, cooled 
to room temperature, poured onto crushed ice and treated 
with NH^Cl solution. The mixture was extracted into ether 
and the combined extracts were washed with water and dried 
over anhydrous MgS0^» The solvent was removed by distillation. 
The residue liras refluxed with stirring in water (100ml) 
for 1 hour, cooled to room temperature and the mixture 
extracted into ether* The combined extracts were washed 
with water and dried over anhydrous MgSO^. The solvent was
14-0
removed by distillation. Distillation of the residue under 
reduced pressure afforded (1 ) ethylbenzyl ether (4©5g), 
b.p© 74°/2mm, 1.4-918, and (2 ) 2-benzyloxyacetonitrile
(8.8g), b.p. 100-2°/2mm, 1.5136. The ethylbenzyl
ether was identified from its p.m.r. spectrum, t CCDCI^),
8.8t(3H,methyl protons of ethyl group,.J » 6.85c/sec), 
6.5q(2H, methylene protons of ethyl group, J = 6.85c/sec), 
5.28s(2H, methylene protons of benzyloxy group), 2.68s(5H, 
aromatic protons). The 2-benzyloxyacetonitrile was identified 
by comparison of its infrared spectrum with that of the 
original material.
The attempted hydroboration of 1,4~bisbenzyloxybut-2-yne»
(a) using disiamylborane as hydroborating reagent.
Diborane was generated by the addition of 41ml of a 1M 
solution of sodium borohydride in diglyme to boron tri­
fluoride etherate (I1.64g). The diborane was then passed 
into a solution of 2~methylbut~2~ene (7g) in tetrahydrofuran 
(60ml) at 0°, by applying a slight flow of nitrogen to the 
generating flask. After addition of the borohydride solution 
was complete, the reaction flask was kept at 0-5° f o r  a 
further 2 hours. 1 ,4~Bisbenzyloxybut-2-yne (l3«*3g) was then 
added rapidly to the disiamylborane solution at 0°. The
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mixture was stirred at this temperature for 0 .5 hours and 
then at room temperature for 2 hours* The mixture was cooled 
to 0° and 5«6ml of 30% w/v H^O^ was added at a pH of 8«9«
The pH of the reaction mixture was maintained by the 
addition of 2N NaOH solution* On complete addition of the 
^2°2 so3-u^ on mixture was stirred for 0*5 hours and 
then extracted into ether* The combined organic extracts 
were washed with water and dried over anhydrous MgSO^® The 
solvent was removed and distillation of the residue under 
reduced pressure afforded, (1 ) benzaldehyde (0*179g), 
b.p. 5 5°/2mm,. and (2 ) 1 ,4-bisbenzyloxybui~2-yne (9*83g, 74% 
recovery), b.p. 176-80°/2mm. The benzaldehyde was identified 
from its 2,4-dinitrophenyIhydrazone derivative, m.p* 238° 
after reorystallisation from ethanol* The 1 ^ —bisbenzyloxy- 
but-^-yne was identified by comparison of its p.m*r. 
spectrum, t(CCI^), 3*81s(4H, methylenes adjacent to ethereal 
oxygen and to triple bond), 5»4*3s(4H, methylenes adjacent 
to ethereal oxygen and to phenyl groups), 2o68s(10H,aromatic 
protons), with that of the original material ( see preparation 
of 1 ,4-bisbenzyloxybut~2~yne).
The reaction was repeated using increased molar 
quantities of sodium borohydride and boron trifluoride 
etherate* Accordingly 92ml of 1 M NaBH^ in diglyme was added 
dropwise to BF^etherate (1?.5g) and the generated diborane 
was passed into a solution of 2-raethylbut-2~ene (6g) in 
tetrahydrofuran. The reaction mixture was stirred at 0°
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for 2 hours and then 1 ,4~bisbenzyl'oxybut-2-yne (I2g) was 
added rapidly and the resulting mixture was maintained at 
0° for 0*5 hours and then at room temperature for 4.5 hours. 
The reaction was then continued as before to finally yield
(1 ) benzyl alcohol (3*6lg)» b.p. 64-8°/3mm, and (2 ) 1 ,.4-bis- 
benzyloxybut-2-yne (7o3g)* Both products were identified 
by comparison of their infrared spectra with those of the 
authentic materials.
(b) Using diborane generated in the presence of the
1 .4—bisbenzyloxybut-2-yne.
To a mixture of 1 ,4*-bisbenzyIoxybut~2-yne (l3*3g) &n& 14.3ml 
of a 1M solution of sodium borohydride in diglyme at 0° 
under nitrogen, boron trifluoride etherate (2.7g) was added 
dropwise. On complete addition, the mixture was stirred at 
0° for 0*5 hours and then at room temperature for 4 hours® 
Hydrogen peroxide (5*2ml of 30% w/V) was added at 0°, 
and during the course of the addition the pH of the reaction 
mixture was maintained at 8 by the concurrent addition of 
2N NaOH solution. On complete addition, the mixture was 
stirred at room temperature for 0 .5 hours, then extracted 
into ether and the combined extracts were washed with water 
and dried over anhydrous MgSO^. The solvent was removed by 
distillation and distillation of the residue under reduced 
pressure afforded (1 ) benzyl alcohol (2.1g), b.p. 68~72°/2mm, 
and (2 ) 1 ,4~bisbenzyloxybut-2~yne (7®0g), b.p. 1 ?8-82°/2mm.
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Both products were identified by comparison of their infrared 
spectra with those of the authentic materials*
The attempted reaction of 1 ,4— bisbenzyloxybut-2-yne with 
hydrogen peroxide under alkaline conditions,
A solution of 1,4-bisbenzyloxybut~2~yne (lOg) in tetrahydro­
furan (20ml) at 0° under nitrogen was treated with 10ml of 
30%  w/v frpO^  at pH 8. On complete addition the -mixture was 
stirred at room temperature for 3 hours and then poured 
into water (100ml) and extracted into ether. The combined 
extracts were washed with water and dried over anhydrous 
MgSO^. The solvent was removed by distillation and distillation 
of the residue under reduced pressure afforded 1 ,4-bisbenzyloxy- 
but-2-yne (9#2g), b,p. l62-4°/0,2mm» The infrared spectrum 
of the product, ^ (liq.film); 3089,2895(CH); 1607,1595?
1500(aromatic C-C); 1095(^-0—0); 746,700(monosubstituted 
benzene), was similar to that of the starting material.
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1 «, 4-Piethoxybut~2-yne,,
2-Butyne-1,4-diol (43g, 0*5^) as a 35% aqueous solution was 
placed in a 1 litre three-necked flask equipped with a 
stirrer and dropping funnel. The flask was immersed in a 
water bath at 35° and sodium hydroxide pellets were added 
to the solution in 1 to 2g portions. Meanwhile, diethyl 
sulphate was added dropwise with stirring. A total of 50g of 
NaOH and 193g diethyl sulphate was used, the addition requiring 
1 *25 hours. The mixture was heated over a water bath for 
3 hours. After cooling to room temperature, water (100ml) 
was added. The organic layer was removed and the aqueous 
layer extracted into diethyl ether. The ethereal extracts 
were combined with the organic layer and the whole dried 
over potassium carbonate. Distillation under reduced 
pressure afforded 1 ,4-diethoxybut~2-yne, (62.6g, 88.2%) ,
b.p® 122-4°/20mm , njp = 1.4323, (lit.[2] b.p. 84°/l8mm, 
njjp = 1.4323 ) , T(CClZj) 8.85t (6H1, triplets of methyl 
groups, J =7c/sec), 6»5<1 (4H* quartets of methylenes in 
ethoxy group, J=7c/sec), 5.9s (4H, methylenes adjacent to 
triple bond ).
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1 /~Diethoxybutan~2-one0
A solution of 1,4-diethoxybut-2~yne (l4g) in 70% aqueous 
ethanol (90ml) was added dropwise to a Well stirred mixture 
of red mercuric oxide (3g), concentrated sulphuric acid (3g), 
and 70% ethanol (30ml). The temperature rose slowly to 40°.
On complete addition of the diether a further 1g of red 
mercuric oxide was added and the stirring continued until 
the mixture cooled to room temperature. Then, anhydrous 
sodium acetate (5*5g) was added with good stirring and 
solids were allowed to settle overnight„ The solid was 
filtered off and most of the ethanol and water was removed 
by distillation under reduced pressure. Distillation of the 
residue under reduced pressure afforded 1 ,4«diethoxybutan—
2-one,, (?(• 64g, 6?.4% ), b.p. 1 l2°/l5mrm , n^3 * 1.4191,
(lit.[2] b.p. 96°/l5mm , n23 = 1.4-195 ) ,
T(CCl^) 8.9t, 8.8t (6H', methyl groups of 1,4-ethoxy groups,
J s 7,c/sec.), 7®4t (2H, methylene adjacent to carbonyl group , 
J s=6c/sec), 6.6q, 6.5q (4H}, methylene groups of 1,4-ethoxy 
groups, J=7c/sac), 6.4t. (2H, methylene adjacent to ethereal
oxygen, J=6c/sec),. 6*1s (2H^  methylene adjacent to ethereal
oxygen and carbonyl group), 2,4;-dinitrophenylhydrazone 
derivative, crystals from ethanol, m.p. 7 7°,
(Found: C, 49.21 ? HJ, 5 .8 7 ; N, 1 6.63* C24ff24vN4°6
requires- : C, 49.40 ; 5*92; N, 16.462% ).
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A solution of ethyl acrylate (200g) in ether (400ml) at 
0~10° was treated with anhydrous HCI to saturation. The 
saturated solution was kept in a stoppered flask at room 
temperature for 24 hours. The reaction mixture was poured 
into a saturated sodium bicarbonate solution and extracted 
into ether when no further traces of acid remained. The 
combined extracts were washed with water and dried over 
anhydrous MgSO^. The solvent was removed by distillation. 
Distillation of the residue under reduced pressure afforded 
ethyl 3-chloropropionate (26lg, 96%), b.p, l6o~3°j 
n20= 1.4238, (lit.[6], b.p. 162°, 1*4254), T(neat liquid),
7.74t(3H, methyl protons of ester group, J « 7*2c/sec,), 
7.26t(2H, methylene protons at C^, J = 6.4c/sec0)s 6.26t 
(2H, methylene protons at C^, J = 6,4c/sec.), 5®&9q(2H, 
methylene protons of ester group, J = 7*2c/sec,),
4~Chloro-2~mefchylbutan~2~ol.
Methyl magnesium iodide was prepared by the addition of a 
solution of iodomethane (5 1«7g) in ether (50ml) to magnesium 
(8.8g) in ether (200ml) under nitrogen at 0°. On complete 
addition the reaction mixture was refluxed with stirring 
for 1 hour, A solution of ethyl 3-cbloi‘op^opionate (20g)
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in ether (100ml) was added dropwise at 0°. On complete 
addition the mixture was refluxed with stirring for 24 hours, 
cooled to room temperature, poured onto crushed ice and 
treated with aqueous NHi(Cl solution. The organic layer was 
removed and the aqueous layer was extracted into ether. The 
combined ether extracts were washed with sodium bisulphate 
solution and with water and dried over anhydrous Mg/30^ «
The solvent was removed by distillation* Distillation of the 
residue under reduced pressure afforded 4-chloro~2*~methylbutan- 
2~ol (9.71g, 53.8%), b.p. 94~8°/20mm, n^°= 1.4418, (lit.Dl6 ] 9 
b.p. 166°.), t(CDCI^ ),. 8«8s(6H, two methyl groups), 8.04t 
(2H, methylene protons at , J = 7°7c/sece), 6.97s(1H,. 
hydroxyl group), 6037t(2H, methylene adjacent to chlorine,
J » 7.7e/sec.)c
The reaction of 1,4~diethoxybutan~2~one with the Grignard 
reagent of 4~chloro~2~methyl~2~tetrahydropyranoxybutane4
A solution of 4-chloro~2-methyl~2~tetrahydropyranoxybutane 
(2.44g) in ether (20ml) was added to magnesium (0«,3g) 
ether (20ml), under nitrogen, at room temperature. Formation 
of the Grignard reagent was initiated with the aid of a 
crystal of iodine. The mixture was refluxed with stirring 
until almost all the magnesium had reacted. A solution of
1 ,4-diethoxybutan-2-one (l086g) in ether (20ml) was added
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at 0°o The resulting mixture was refluxed with stirring far 
24 hours, cooled to room temperature, poured onto crushed 
ice and treated with dilute HCI solution* The organic layer 
was removed and the aqueous layer was extracted into ether.
The combined extracts were washed with saturated sodium 
bicarbonate solution and with water and were dried over 
anhydrous MgSO^o The solvent was removed by distillation* 
Distillation of the residue under reduced pressure afforded,
(1 ) 2~methylbutan~2-ol (0*58g), b*p*4l°/l5mm, (2 ) 4-chloro- 
2«methylbutan-2~ol (0.4g), b.p* 98°/l5Mri, (3) 1 ,4-diethoxy- 
butan-2-one (l*27g), b*p* 1 2 1°/l5mm* The 2~methylbutan~2~ol 
was identified from its infrared spectrum by comparison 
with that of an authentic sample, and from its p*m©r* 
spectrum, tCCDCI^), 9©1t(3H, methyl protons at C^ , J=608c/sec*), 
8*83s(6H, geminal methyl groups), 8*53q(2H, methylene protons 
at C^, J sb 6085c/sec*), 7«>74s(1H, hydroxyl group)* The
4«chloro-2«methylbutan-2-ol and the 1 ,4~diethoxybutan~2~one 
wore identified by comparison of their p*m*r« spectra with 
those obtained during the preparation of these compounds*
The reaction of ethyl methyl ketone with the Grignard 
reagent of 4-chloro-2-me.thyl-2~tetrahydropyranoxybutane«,
The Grignard reagent was prepared from 5g o f  4-chloro-2- 
methyl-2~tetrahydropyranoxybutane and 0*59g of magnesium,
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in a similar manner to that described in the previous 
experiment. A solution of ethyl methyl ketone (l<,74g) 
in ether (10ml) was added to the Grignard reagent at 0°. 
The mixture was refluxed with stirring for 48 hours, 
cooled to room temperature, poured onto crushed ice and 
treated with dilute The organic layer was removed
and the aqueous layer was extracted into ether. The 
combined extracts were washed with saturated bicarbonate 
solution and with water and dried over anhydrous MgSO^®
The solvent was removed by distillation® Distillation of 
the residue under reduced pressure afforded, (1 ) 2-methyl- 
butan-2-ol (1.64g), b.p. 38-40°/l5mm, and (2) 4-chloro-
2-methylbutan~2-ol (O.^ lg)-, b.p. 100-6°/l5mm<, Both 
products were identified as in the previous experiment.
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3 ~Methyl~3 —tetrahydropyranoxybut~ 1 ~yne.
3-Methyl~3-bydroxybut~1-yne (30g, 0.357m) and 2,3-dihydropyran. 
(60g, 0.7m) were placed in a 250ml flask and a crystal of 
p—toluenesulphonic acid added. The exothermic reaction began 
within a few minutes.. The mixture was stirred for 2 hours. 
Anhydrous potassium carbonate (2g) was added and the mixture 
stirred for 4 hours. The salts were filtered off and the 
excess dihydropyran removed by distillation. Distillation 
of the residue under reduced pressure afforded 3“-methyl—
3-tetrahydropyranoxybut-1-yne, (58.5g? 80% ) ,. b.p. 92°/l5mm» 
n23 e 1.4450, (lit.[33 b.p* 64.5-65.5°/8mm),
T(CCl^), 4.98(1H* tertiary proton of tetrahydropyranyl 
group), 6*4m(2H, methylene adjacent to ring oxygen of 
tetrahydropyranyl group), 7.65s(1H, acetylenic proton), 
8.42m(6H, 3 methylenes of tetrahydropyran ring), 8.53s and 
8.57s(6H, 2 geminal methyl groups).
7-Ethoxy-5^ ethoxvmQthvl-5-hydroxy-2-methyl-2-tetrahydropyran- 
■oxyhept—3-yne.
Ethyl magnesium bromide was formed by the dropwise addition 
of a solution of ethyl bromide (l1.54g) in tetrahydrofuran 
(25ml) to magnesium turnings (2„58g)at 0-5°• A drop of 
bromine was used to initiate the reaction. On complete
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addition the mixture was refluxed for 1 hour and then cooled 
to 5°. A solution of 2-methyl-2-tetrahydropyranoxy,ou>il-3-yne'(l1 »93g) 
in tetrahydrofuran (25ml) was added slowly. When evolution 
of ethane ceased, the temperature of the reaction mixture 
was raised to room temperature, and stirred for 2 hours..
On cooling to 5° a solution of 1,4-diethoxy-butan-2-one 
(1 1 .37s) in tetrahydrofuran (25ml) was added dropwise fro 
the mixture© On complete addition the reaction mixture was 
refluxed for 16 hours, cooled to room temperature, and 
poured into an ice-cold solution of ammonium chloride. The 
organic layer was removed and the aqueous layer was extracted 
into ether* The combined organic extracts were dried over 
anhydrous potassium carbonate. The solvent was removed 
by distillation® Distillation of the residue under reduced 
pressure afforded 7~ethoxy~5~ethoxymethyj —5-hydroxy—2- 
methylt, — 2—tetrahydropyranoxvhept -3-yne (lO„38g, 5Z|,*6%), 
b.p. 126-8°/0.7mm , n^4 a 1.4590,
(Found: C, 65.7 6; H, 9.62. C^gH-^O^ requires C, 65©83?
H, 9.82% ), 0(liq film), 3500(0&); 2960,2880 (CH)*
1125,1110(C-0—C) cm"\ T(CCl^), salient features, 8*8lt 
(6H, terminal methyl protons of ethoxyethyl groups,
J = 6.85c/sec.), 8®54s and 8.8 51s(.6H.', geminal methyl groups), 
6.71s(2H, methylene of ethoxymethyl group attached to 
Cj_ and to ethereal oxygen), 4.96(1H, tertiary proton of 
tetrahydropyran ring) 0
1 5 2
oxyheptane.
A solution of 7~<3thoxy-5”eihoxymethyl~5"hydroxy—2-methyl-2— 
tetrahydropyranoxyhept-3-yne (lOg) in dry ethanol (100ml5 and 
Raney nickel (approximately 1g) which had been prepared by 
the method of Pavlic and Adkins [4], was placed in a high 
pressure hydrogenator, which was then sealed and flushed 
twice with hydrogen. The pressure was slowly increased to 
125 atmospheres by the introduction of hydrogen. The mixture 
was stirred at this pressure for 12 hours. The hydrogen 
pressure was released and the mixture siphoned from the 
hydrogenator. The nickel was removed by filtration and the 
solvent removed by evaporation. Distillation of the residue 
under reduced pressure afforded 7-ethoxy—5°»ethoxymethyl- 
5-hydroxy~2-methyl-2-tetrahydropyranoxyheptane (7*64g, 7 5*6%), 
b.p. 148°/Imm , n^4 ® 1.46o6 , (Found: C, 64.99? HI, 10.73.
C^gH^gO^ requires C, 65.02; H;,. 10.91%)*
V)(liquid film),. 3450(OH); 2950,2890(CH); 1110(0-0-0) cm"1. 
^(CDCl^), salient features, 8.8lt(6H, terminal methyl protons 
of ethoxyethyl groups, J=6.9c/sec.) , 8.53 8* 50s ( 6H., geminal
methyl groups), 6956s(2H? methylene protons of ethoxymethyl 
group attached to and to ethereal oxygen), 6 . 0 7 s ( 1 H ,  
hydroxyl group), 4«96(1E, tertiary proton of tetrahydropyran 
ring). It was not possible to observe the signals from the C^and 
C^methylenes but the integration in the t 8 - 9  region indicated 
the presence of 4 protons more than in the spectrum of the 
precursor.
7 ~ E th o x y - 5 ~ e t h o x y m e t h y l ~ 5 - h Y d r o x y - 2 - m e t h y l ~ 2 ~ t e t r a h y d r o p y r a n ~
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A solution of 7-ethoxy-5-ethoxymethyl-5-hydroxy~2-niethyl‘- 
2-tetrahydropyranoxyheptane (3*7g) in diethyl ether (25ml) 
to which 0.5ml of 3N HCI had been added, was stirred for 
2 hours® The mixture was then treated with bicarbonate 
solution and washed with water© The organic layer was 
dried over anhydrous magnesium sulphate® The solvent was 
removed by distillation. Distillation of the residue 
under reduced pressure afforded 7~-®thoxy-5-ethoxyme thyl-
2-methyl-2 *5-dihydroxyheptane (2.2 1g, 80.0%), b 0 p * 1 3 1~20/2«,5mm* 
n23= 1.4478, (Found: C, 62.71? H, 11.48. C^H^O^
requires C5 62.8 5; H, 11.36%), ^(liq.film), 3^ -90(OE); 
2980,2880(CH); 1110(C-0~C). cm"1. T(CDC1 ), 6.36t(2H,
C y  methylenes, J = 7<>3c/sec.), 6„5q(2H, methylene of 
ethoxymethyl group, J = 7o/sec«), 6*53q(2H, methylene of 
ethoxy group at C^, J; — 7c/sec©), 6.7s(2H, methylene 
adjac:ent to C^ and to ethereal oxygen), 802t(2H, C^methylene,
J s= 7«3c/sec.), 8.42s(4H., C^ and C^  methylenes), 8.8s(6H,
geminal methyl groups ), 8„82t(6H, methyl groups of two
ethoxy groups, J = 7c/sec®).
Z r Qthoxy-5 -Qth oxym etliyl-2 -m eth y l-2 , 5 - d i liydroxyheptane0
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5 ~ E t h o x y m e t h y l ~ 5 ~ e t h o x y e t h y l “- 2 , 2 - d f m e t h y l t e t r a h y d r o f u r ano
7-Ethoxy~5~ethoxymethyl-2,.5-dihydroxyheptane (2»27g) was 
distilled under reduced pressure in the presence of a trace 
of concentrated Hi^ SO^ . The distillate was redistilled under 
reduced pressure over sodium to> afford 5~ethoxymethylHfefr 
■ ■5-ethoxyethyl-2,<2-dimethyltetrahydrofuran (1.49 g, 73.0%)« 
b.p, 82~4°/0.7mm t. n22 » 1.4361 , (Found: C, 67.79;.
H2, 11.23® ^13^26^3 requires C, 6 7.7 6; ffi, 11*38%),
\) (liq.film); 2990,2880(0H) ; 138 0,1365(CE,gem-dimethyl) ; 
1 1 1 0 (C-0-C) cm"1,
,2 %3’*Dimethyl-5~hydroxy-2-tetrahydropyranoxyhept-3-yne0
Ethyl magnesium bromide was formed, under an atmosphere of 
nitrogen, by the dropwise addition of ethyl bromide (9©8g) 
in tetrahydrofuran (25nil) to magnesium (2.l8g). A drop of 
bromine was used to initiate the Grignard reaction. On 
complete reaction of the ethyl bromide the mixture was 
cooled to 15° and a solution of 3“Methyl-3-fretrahydro~ 
pyranoxybut-1—yne (lOg) in tetrahydrofuran (25ml) was added 
dropwise• On complete addition the temperature of the 
reaction mixture was allowed to rise to room temperature 
and the mixture was stirred for 2 hours. On cooling to 15° 
ethyl methyl ketone (4.28g) in tetrahydrofuran (25ml) was
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added dropwise. After complete addition the mixture was 
refluxed for 16 hours, cooled and then poured into aqueous 
ammonium chloride solution (100ml), The organic layer was 
removed and the aqueous layer extracted into diethyl ether.
The combined organic extracts were washed with water and 
dried over anhydrous potassium carbonate. The solvent was 
removed by distillation. Distillation of the residue under 
reduced pressure afforded 2 ,5~dimethyl-5-hjydroxy—2-tetrahydro- 
pyranoxyhept-3-yne (8»04g,, 60%), b*p, 126°/I5mm ,
p h .
n^ » 1.4600 , (Found: C, 69*8 5; H, 9,86* c-i4®24°3 reRuires
C, 69.9 6; Hy 10.06% ). \)(liq.film), 3540(0H); 3050,2970(CH);
1370(CH’, gem-dimethyl) 5 1130(C-0-C) cm*"1. T(CCl^), salient 
features, 9®l4t(3H, methyl protons at C^ , J = 7«>3c/sec. ), 
8.61s(3H, methyl of 5-methyl group), 8.56s and 8,53s(6H, 
geminal methyl groups), 6.47s(1H, hydroxyl, group at 
4a88(lH/, tertiary proton of tetrahydropyran ring),
2 ,5~Uihydroxy-2 ,5"dimethylheptane.
A solution of 2,5~dimethyl-2~tetrahydropyranoxy-5~ethylhept-
3-yne (8.5g) in dry ethanol (100ml), and freshly prepared 
Raney nickel (approximately 1g) was placed in a high pressure 
hydrogenator and the apparatus flushed twice with hydrogen. 
Hydrogen was then introduced until a pressure of 95 atmospheres 
vras attained and the temperature was raised to 4o°» The mixture
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the hydrogen pressure released* The mixture was siphoned from
the hydrogenator and the nickel removed by filtration. The
mixture was treated with 2 drops of 3N HCI and stirred for
1 hour to remove the tetrahydropyranyl group. Diethyl ether
(100ml) was added to the mixture which s then treated with
bicarbonate solution and washed with water. The organic layer
was dried over anhydrous potassium carbonate and the solvent
was removed by distillation. Distillation of the residue under
reduced pressure afforded 2 ,5~dihydroxy-2 ,5-dimethylheptane
(4.46g, 80.2%), m,p, 32°, b.p* 102°/3mm, *=* 1.4515» (Found:
C, 67.49; H, 12,48, C9H2002 requires C, 67.45; H, 12,54%).
'O(liq.film), 3450(0H); 2995<CH); 138o(CH, gem-diraethyl) cm"1*
t(CDC13), 9,11t(3H, methyl protons of methyl group, J=7,3c/sec),
8#85s(3H, methyl protons of 5~raethyl group), 8,8s(6H, geminal
methyl groups), 8.5q(2H, methylene protons at Cg, J=7.3c/sec,),
8,47s(4H, methylene protons at C and Ch), 7,43s(2H, hydroxyl
3 /
groups at C_ and C_).
2 ,2 ,5~Trimethyl-5-ethyltetrahydrofuran.
2,5-Dihydroxy-2,5-dimethylheptane (l.8g) was distilled in the 
presence of a trace of concentrated H^SO^. The distillate was 
then distilled under reduced pressure to afford 2 ,2 ,5-trimethyl- 
5-ethyltetrahydrofuran (l,10g, 67.4%), b.p, 82°/30mm,
was then s t i r r e d  fo r  7  hours, cooled to room tem perature, and
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= 104398, (Found: C, 7 5®86; I-I, 12.60o C^H^gO requires 
Cs 7 5 *99 ;  H, 12.75%). \) (liq.film), 2 9 9 5 (CH) ;  1375(CH, gem- 
dimethyl); 1l4o(C-0-C) cm
The attempted cleavage of the ethyl ether groups of 2«2-dimethyl-
5—ethoxyethyl-5~'ethoxymethyltetrahydrofuran.
(a) Anhydrous HCI at room temperature.
Anhydrous HCI was passed into 2,2-dimethyl-5-ethoxyethyl-5~ 
ethoxymethyltetrahydrofuran (l«4g) at room temperature.
The reaction temperature rapidly rose to 55°<> passage 
of gas was continued until the temperature had fallen to 
that of the room (22°). The mixture was treated with water 
(100ml) and then with saturated sodium bicarbonate solution 
and extracted into ether. The combined extracts were washed 
with water and dried over anhydrous K^CO^. The solvent was 
removed by distillation. Distillation of the residue under 
reduced pressure afforded the unreacted starting material 
(l.26g, 90%),. b.p. 80°/l2mm.
(b) Anhydrous HCI at 100°.
The previous reaction was repeated using 0.6g of the 
diether tetrahydrofuran at an oil bath temperature of 100°.
The passage of the anhydrous HCI was continued for 2 hours.
The reaction mixture was cooled to room temperature and
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worked up as before to yield the unreacted starting material 
(0.435s, 72o5%)j b«p. 66°/2mm.
(o) 48% Hydriodio acid at room temperature and at 100°. 
2 ,,2-I)imethyl-5-ethoxyethyl-5,"ethoxymethyltetrahydrofuran (l#1g), 
was treated with 48% HI at room temperature. On addition of 
the acid the reaction temperature rose to 60°. The mixture 
was stirred at room temperature for 5 days and then worked 
up as in the earlier reaction to afford the unreacted starting 
material (1 .0g, 9 0 % ) ,  b.p. 82-4°/2mm.
The reaction was repeated at an oil bath temperature 
of 100° for a time of 3 hours* Work up as before afforded 
a black insoluble tar*
(d )  48% Hydrobromic ac id  at room temperature and a t  100°.
The results of these reactions were similar to those obtained
when hydriodic acid was used. At room temperature with
hydrobromic acid (5ml) and the diether tetrahydrofuran (0.9g)
no reaction occurred,while increase of the bath temperature
resulted in decomposition of the starting material*
In each reaction described above, the unreacted diether
tetrahydrofuran was identified by comparison of the infrared
spectrum, 0 (liq.film); 2990,288o(CH); 1380,1365(CH, gem—
—1dimethyl); 1 1 1 0 (0-0-0) cm v/ith that of the original 
material*
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Thei attempted cleavage of diethyl ether using NtN~dich.loro‘» 
-dimethylhydantoino
A m ixture o f  d ie th y l ether (37g? 0.5m ), N,N~dichloro«*»2,2~ 
dim ethylhydantoin (I9 ® 7 gs 0 .1m ), and water (5©4g) were 
s t i r r e d  at 3*“5 ° f o r  13 hours® The s o lid  m ate ria l was removed 
by f i lt r a t io n ©  The f i l t r a t e  was taken up in  ether and d ried  
over anhydrous MgS0^o I t  was found that the e th er ex trac t  
did  not contain any eth y l acetate®
(Similar results were obtained when the reaction was 
repeated using the same quantities of reactants at room 
temperature, and at the reflux temperature of diethyl ether.
The reaction was repeated a third time using the 
same quantities of N,N-dichloro-2 ,2-dimethylhydantoin, 
water and diethyl ether© Azobisisobutyronitrile (0„1g), 
was added as a free-radical initiator. The mixture was 
stirred under reflux for 5 hours, coled and the solids 
removed by filtration. The filtrate was extracted into 
ether. The combined extracts were washed with sodium, bisulphite 
solution and with water and dried over anhydrous magnesium 
sulphate* It was found that the ether extract did not 
contain any ethyl acetate®
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To a suspension of sodium hydride (4.8g,0.2m) in diethyl ether 
(80ml) was added avsolution of diethyl oxalate (29*2g,0.2m) 
in ether (20ml). A few drops of a solution of ethyl fluoracetate 
(2 1.2g) in ether (20ml) were added to the mixture and a few 
drops of anhydrous ethanolwere also added. The mixture was 
stirred and heated gently until evolution of hydrogen began.
The remainder of the solution was added dropwise, and the 
reaction mixture stirred at room temperature for 2 days, 
cooled to -15° and 3N HCI. (67ml), which had been cooled to -20°, 
was added rapidly. The mixture was extracted into ether. The 
combined organic extracts were washed with a saturated sodium 
carbonate solution and then dried over anhydrous magnesium 
sulphate. The solvent liras removed by distillation. Distillation 
of the residue under reduced pressure afforded diethyl fluoro-oxal­
acetic ester (30.5g,74%), b.p. 104°/l2mm , n24 = 1.4210,
(.Found: C, 46.51; H., 5.5 7; F, 9.11. Calculated for CgE^FO^:
C, 46*60.; H, 5.37; F, 9*21%). The 2,4-dinitrophenylhydrazone 
derivative had m.p* 125°® (found' C, 4^.74; HJ, 4;11; N, 14.61. 
Calculated for C^Hl^OgN^F: C, 43.53; E, 3.91; ft, 14.50% ).
( l i t  [1 4 ] ,  b .p . 120-2°/9mmi n20 =* 1.4200, 2,4-DNPHi d e r iv a t iv e  
m.p. 1 4 2 °), t CCCI^,),. 8 .6 9 t,8 .6 2 t (6 H , methyls o f  e s te r  groups  
J = 7 c/ sec ), 5 .71q, 5 .65q(4H , methylenes o f  e s t e r  groups, J=?7c/sec), 
4i*2d(1E; proton a  to  e s te r  group and to keto group s p l i t  by 
f lu o  r in  e , J ~ 47c/se c ) .
D ie th y l f lu o ro -o x a la c e t ic  e s t e r .
1 6 1
D ie th y l c h lo ro -o x a la c e t ic  e s t e r .
This- compound was prepared in a similar manner to that 
described far diethyl fluoro-oxalacetic ester. The quantities 
of reactants used were, diethyl oxalate (4-3.8g), sodium 
hydride (7®2g>, ethyl chloroacetate (36®75g)« A 6 5% yield 
(43#4g) of diethyl chloro-oxalacetic ester, b,p0 128°/I1mm, 
n23= 1,4428, was obtained® (Lit, Cl7l» h,p, 139-*42°/l2mm). 
t(CDC13), 8,67t and 8»6t(6H, methyl protons of two ester 
groups, J & 7c/sec,), 5,66q and 5,58q(4H, methylene protons 
of two ester groups, J = 7c/sec,), 4.5s(0,93H, proton of 
a-methylene in keto-form of the diethyl chloro-oxalacetic 
ester), -2.13s(ca. 0.07H enolic -OH),
The reaction of the Grignard reagent of 2-methyl-2-tetra- 
hydropyranoxybut-3-yne with diethyl fluoro-oxalacetic ester.
Ethyl magnesium bromide was prepared by treating magnesium 
(0,62g) with a solution of ethyl bromide (2,77g) in tetra­
hydrofuran (25ml) under nitrogen, A solution of 2-methyl- 
2-tetrahydropyranoxybut~3**yne (2.86g) in tetrahydrofuran 
(25ml) was added at 20° , When evolution of ethane had 
ceased, the mixture was refluxed with stirring for 1 hour*
A solution of diethyl fluoro-oxalacetic ester (3*5g) in 
tetrahydrofuran (25ml) liras added dropwise at 20°, The
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cooled, poured into iced NH^Cl solution and then extracted
in to  e th er. The combined o rgan ic  ex trac ts  were washed w ith
water and d ried  over anhydrous K^CQ^. The so lven t was
removed by d i s t i l l a t i o n .  D i s t i l l a t io n  o f the res idu e  under
reduced p ressu re  a f fo rd e d , (1 )  2 -m ethy l«2 «tetrahydropyranoxy-
but-3™yne (1.9g), b.p. 48~9°/3mm, n^3= 1.4445, (2 ) a fraction
(2 .3 g ) ,  b .p .  94°/3mm, 0 ( l i q . f i l m ) ;  a broad band, 3500 to
—1approximately 3000; 1740; 16 7 0; 1100 and 930 cm 9 and
(3 ) a fraction (0.2g), b.p. 123“5°/0*2mm, 0 (liq.film);
3500; 2970; 2990; 17^0; 1150; 1080 and 1035 onT1.
A Lassaigne te s t  fo r  the presence o f f lu o r in e  in  f r a c t io n (E )  
was n ega tiv e . A te s t  fo r  the presence o f an enol was p o s it iv e .  
A couple o f  drops o f  the fr a c t io n  in  CHCl^ (1m l) were 
trea ted  w ith 1ml o f  a so lu t io n  o f anhydrous FeCl^/g) in  
CHCl^/OOm l). The m ixture was w e l l  shaken and 1 drop o f  
p y rid in e  added and the so lu t io n  went a b lu ish  co lour  
in d ic a t in g  that an enol was p re sen t . On the b a s is  o f  these  
r e s u lt s  i t  was p o s s ib le  to in te rp re t  the p .m .r . spectrum  
o f fra c t io n  (2 )  as be ing  that o f  d ie th y l o x a la c e t ic  e s te r ,  
^ (C D C l^ ), 8*68t and 8 .64t(6H , methyl protons o f e s te r  
groups, J *s- 6 .85c/secD) ,  6 .1 8s(cx-methylene o f  keto-form  
o f o x a la c e t ic  e s te r ,  approxim ately 18% n o n -e n o liz e d ),
5.71q and 5*66q(4H, methylene protons o f e s te r  groups,
J = 6085c/sec«), 4.0s(olefinic proton of enolized form of 
oxalacetic ester), ~2*7?s(enolic OH group). Confirmation of
r e s u lt in g  m ixture was re f lu x ed  w ith  s t i r r in g  fo r  1 5  hours3
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this result was obtained by comparison of the p.m.r. spectrum 
with that of the authentic material prepared from diethyl 
oxalate and ethyl acetate* A Lassaigne test for the presence 
of fluorine in fraction (3) was negative. It was not 
possible to interpret the p.m.r# spectrum of this fraction,,
A repeat of the reaction under essentially the same 
conditions, except that a reverse addition of Grignard 
reagent to diethyl fluoro-oxalacetic ester was employed, 
had a similar result to the previous reaction in that the 
main product was diethyl oxalacetic ester.
The reaction of the Grignard reagent of 2-methyl-2—tetrahydro— 
pyranoxybut-3-yne with diethyl chloro-oxalacetic ester.
Ethyl magnesium bromide was prepared by the reaction of 
ethyl bromide (4.9g) with magnesium (l„09g) in tetrahydro­
furan (50ml) under nitrogen. A  solution of 2~methyl~2- 
tetrahydropyranoxybut-3~yne (5g) in tetrahydrofuran (25ml) 
was added at 4°. The mixture was refluxed with stirring for 
1 hour, cooled to room temperature and a solution of diethyl 
chloro-oxalacetic ester (6.67g) in tetrahydrofuran (25ml) 
added. The reaction mixture was refluxed with stirring for 
16 hours, cooled and poured into iced NH^Cl solution. The 
mixture was extracted into ether* The combined extracts 
were washed with water and dried over anhydrous K^CO^.
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The so lven t was removed by d is t i l l a t io n #  D is t i l l a t io n  o f  
the res idue  under reduced p ressu re  a ffo rd ed  (1 )  2~methyl~2« 
tetrahydropyranoxybut-3-yn.e (3 *6 g ) ,  b «p . 86-90°/l2mra, and
(2 )  d ie th y l c h lo ro -o x a la c e t ic  e s te r  (4 .2 g ) ,  b .p# 13 0 -4 °/ l2mm. 
Both products were id e n t i f ie d  by comparison o f  th e ir  in fra re d  
spectra  w ith those o f  the s ta r t in g  m ate ria ls .
Diethyl 2-bromosuccinic ester*
Anhydrous HBr gas was passed into a solution of diethyl 
maleate (86g) in ether (300ml) at room temperature to 
saturation# The mixture was heated on a steam bath for 
1 hour, cooled and poured into saturated sodium bicarbonate 
solution. The organic extract was washed with iirater and 
dried over anhydrous MgSO^. The solvent was removed by 
distillation. Distillation of the residue under reduced, 
pressure afforded diethyl 2-bromosuccinic ester (I02g,80%), 
b»p. 1l8°/8.5mm, n26“£l.4492,0 (liq.film); 3050(CH); 
1745(C=0), 1180, 1170, 1120, 110 0(0-0-0) cm"1. ( Lit.[6],
b.p. l43°/30mm, 1.455.)
The reaction of the, Grignard reagent of 2-niethyl-2~tetra- 
hydropyranoxybut-3-yne with diethyl 2-bromosuccinic ester.
Ethyl magnesium bromide was prepared by the reaction of
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ethyl bromj.de (5©65g) with magnesium (l.26g) in tetrahydro­
furan (50ml) under nitrogen. A solution of 2«methyl~2«tetra- 
hydropyranoxybut-3~yne (5®8g) in tetrahydrofuran (25ml) was 
added at room temperature© The mixture was refluxed with 
stirring for 1 hour, cooled and added to a solution of 
diethyl 2-bromosuccinic ester (8c76g) in tetrahydrofuran 
(50ml) at 5°. The reaction mixture was refluxed with stirring 
for 14 hours, cooled and poured into iced NH^CX solution.
The mixture was extracted into ether, and the combined 
extracts were washed with water and dried over anhydrous
K«CO_o The solvent was removed by distillation. Distillation 
2 3
of the residue under reduced pressure afforded (1 ) 2-methyl«
2-tetrahydropyranoxybut-3*"yne (4 » 3 g ) » b *p 0 76° / 8mm, (2 )
diethyl 2-bromosuccinic ester (605g)$ b.p. 9S-100°/8mm, and
(3) a fraction (0o6g), b.p, l44-50°/lmm, \) (liq.«>film);
3.500; 2980; 2900; 1765; 17 2 0; 164-5; 1300; 12 6 0; 1 1 6 5;
—1
1160 cm o The p*m0r0 spectrum of this fraction is shown 
in Fig (I) Chapter Four- Section 2„
The reaction was repeated in the presence of cuprous 
chloridee The Grignard reagent was prepared by reacting 
2-methyl-2-tetrahydropyranoxybut-3~yne (I1 .6g) with ethyl 
magnesium bromide in tetrahydrofuran (100ml) under nitrogen* 
The mixture was added dropwise to a solution of diethyl 
2-bromosuccinic ester (I7*5g) in tetrahydrofuran (50ml) at 
5° under nitrogen. On complete addition, cuprous chloride 
(0.1 2g) was added to the reaction mixture which was then
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refluxed with stirring for 24 hours. The mixture was cooled 
to room temperature, poured into iced NH^Cl solution and 
extracted into ether. The combined extracts were washed 
with water and dried over anhydrous K^CO^© The solvent was 
removed by distillation. Distillation of the residue under 
reduced pressure afforded (1 ) 2-methyl-2~tetrahydropyranoxy~ 
but*“3''y*ie (10.2g), b.p. 54”-8°/5mm, and (2 ) diethyl maleate 
(9«8g ) 5 b.p© 62-4°/lmm. The diethyl maleate was identified 
from its p.m.r© spectrum, T(CCl^), 8.7t(6H, methyl protons 
of ester groups, J = 6.85G/sec.), 5©8q(4H, methylene protons 
of ester groups, J = 6.85c/sec.), 4.27s(2H, olefinic protons 
at C2 and C^), and from its infrared spectrum, ^ (liq.film); 
3030(CH); 1725(C=0), 1640(C=C); 1300( aCH); and 975( =CH) cm”1.
167
The preparation of ethyl 5~ethoxycarbonyl-2,2.-dimetliyl~5™ 
tetrahydrofurylacetate.
Lupulin (750g) was extracted into methanol (5 1) by standing 
in a bin overnight under nitrogen. The solvent was removed 
by filtration and residual hops were extracted into a further 
21 of methanol. The combined filtrate was concentrated to 
approximately 1100ml by distillation under nitrogen. An 
aliquot of the solution was titrated against 100ml of 4% 
methanolic lead acetate solution© The end point of the 
titration was determined conductometrically using a "Philips 
Conductivity Bridge". From the results it was shown that 
100ml of the methanol extract required l8.4g of PbCOAc)^*
The total extract was treated with 197.4g of Pb(0Ac)2 
dissolved in a minimum amount of methanol. The mixture was 
stirred for 0 .5 hours and the green precipitate removed 
by filtration. The lead salt was washed with methanol and 
air-dried* The yield was 345©5g® The salt (230g) was suspended 
with stirring in methanol and saturated with gas. The 
precipitated lead sulphide was removed by filtration and 
washed with methanol. The total filtrate was concentrated 
by distillation under a slightly reduced pressure of nitrogen. 
The residue was taken up in benzene and treated with a 
solution of o-phenylenediamine ( 5^g) in benzene. The mixture 
was placed in an ice-bath^ a solid began to precipitate 
after stirring and scratching the mixture for a short time.
16 8
The precipitate was removed by filtration. Several recrystall­
isations from 50/50 cyclohexane-benzene afforded the pure 
humulone o-phenylenediamine complex (3 1o7g)s m0p0 1 1 7“7o5°o 
The material was also shown to be pure by a t0l©c* experiment® 
A sample of the complex was suspended in water, decomposed 
v/ith dilute HCI solution, and extracted into ether. A drop 
of the ether extract was then run on a silica t.l.c© plate 
in 1:1 cyclohexane-benzene. A single spot showed on the 
plate when placed in an iodine tank0 The O.P.D. complex 
(31 g) was suspended with stirring in ether and decomposed 
by addition of 2M HCI solution. The organic layer was 
removed and the aqueous layer extracted into ether© The 
combined organic extracts were dried over anhydrous MgSO^*
The solvent was removed by evaporation under nitrogen to 
afford humulone (l5g) as a yellow waxy solid,
(acidic ethanol), 2 2 5, 281-4, 310-325sh; (basic ethanol),
228, 325* 350--60sho (Lit.[18 ] Xmax m4^ (acidic ethanol)
2 26, 281-5 , 310~25sh; (basic ethanol) 228, 324, 350-6lsh.)„ 
Humulone (I5g) was refluxed under nitrogen in 2N NaOH 
solution (750ml) for 0.5 hours, and poured into iced 2M 
HCI solution (750ml)* The mixture was stirred and scratched 
and the precipitated solid v/as removed by filtration. 
Recrystallisation of the precipitate from cyclohexane 
afforded humulinic acid A (8©45g, 74%), m.p. 90°,
A max m (acidic ethanol), 226(9630), 266(9620);
(basic ethanol), 2 5 5(20,600), 265(13,400)©
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(Found: C»67o8; H5 8© 20* Calculated for C 9 6 7©625
H, 8*33%)? (lit0(?l8 ] X .  max mo^  (£), (acidic ethanol), 226(11,200), 
266(9300); (basic ethanol), 2 5 7(2 0,700), 266sh(l2 ,3 0 0 ))0
Humulinic acid A (3g) in glacial acetic acid (150ml) 
and perchloric acid (3ml) was kept at 20° for 5 days, 
diluted with water (600ml) and extracted into ether. The 
combined extracts were dried over anhydrous MgSO^o The solvent 
was removed and the residue was distilled under reduced 
pressure to afford humulinic acid C (2*1g9 70%), bcp*
120~30°/4 x 10*"4mm, X  max in^  (£), (acidic ethanol),. 228(10,400), 
266(7650); (basic ethanol), 250(18,100), 2 7 1(1^500).
(Found: C, 67©77| H, 8*24© Calculated for C15H22°4: C* 67*62;
H, 8.33%)j ClitoD8 ], .^tnax (£), (acidic ethanol),
225(10,400), 264(7650); (basic ethanol), 2 5 1(1 8 ,900), 
268(15,600))*
Humulinic acid C (5g) in ethanol (200ml) was set aside 
with sodium metaperiodate (20g) in water (200ml) for 3 days*
The residual sodium iodate was removed by filtration and 
was washed with ethanol© The filtrate was diluted with water 
and extracted into ether* The solvent was removed by 
distillation* The residue was taken up in ethanol, 5% 
ethanolic H^SO^ (50ml) added and the mixture was refluxed 
for 6 hours© The mixture was diluted with water (200ml) 
and extracted into ether* The combined extracts were washed 
with 2N NaOH solution and with water and were dried over 
anhydrous MgS0^o The solvent was removed by distillation©
1 7 0
D is t i l l a t i o n  o f the res idu e  under reduced p ressu re  a ffo rd ed  
eth y l 5 -e th oxycarbony l~2 ,2 -d im ethy l~5~tetrah ydro fu ry lacetate  
(0 .7 3 g ),  h.p© 66- 72°/2 x  10"*4mm, (Found: C9 60.49; H, 8.4-7. 
C a lcu la ted  fo r  C ^ IL ^ O ,.: C, 60.42; H, 8. 58% ), T.(CDCi^)J 
8.75"t(3H, methyl p rotons o f -CH^COOC^H^ group, J »  6 «8 o / se c .),  
8 .7 t(3 H , methyl protons o f  -COOC^H^ group, J »  6 .8 c / s e c .),  
8.73s and 8 .67s(6H , gem inal methyl g ro u p s ), ap p rox .7*9 
(4lfy methylene protons at C^ and C ^ ), 7*17s(2Hs methylene 
protons o f  -CH^COO- g ro u p ), 5*9q and 5*84q (4h , e s te r  
methylene protons o f two e s te r  groups, J »  6 *8 c / se c .)*
The isolation of the degradation products obtained in the 
alkaline hydrolysis of humulone*
Humulone (Ig) was added to a solution of 0.1N NaOH (100ml) 
which had been refluxed under nitrogen for 1 hour. The 
mixture was distilled slowly under nitrogen into 6M HCI 
solution (100ml) containing 2,4«dinitrophenylhydrazone (2g) 
(solution A). The distillation was continued for 40 minutes 
during which time the residue in the distillation flask was 
topped up with boiling water* The residue from the alkaline 
distillation was acidified with 1M H^SO^ solution and 
distilled into a fresh flask until a distillate of approx­
imately 60ml had been obtained (solution B).
The precipitated 2,4-dinitrophenylhydrazone in
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solution A was filtered and dried® This was the 2S4~DNPH of 
isobutyraldehyde (285mg), m0p« 178-82°, (lit. C6 3? m0p® 
179-81*5°)© The filtrate from solution A was extracted into 
benzene. The combined extracts were washed with water and 
dried over anhydrous MgSO^a The solvent was removed and the 
residue was taken up in a minimum volume of ethanol© Cooling 
in an ice-bath afforded acetone 2,4—dinitrophenylhydrazone 
(I20mg), m0p* 126-7°, (lit®[63, m®p„ 1280)o’ Solution B was 
evaporated to give 4«methyTpent«3“©*ioic acid as an oily 
product (I76mg). which was taken up in ethanol (10ml) with 
gentle heating and treated with 5% aqueous NaOH solution 
until just pink to phenolphthalein© The mixture was evaporated 
to dryness and then dissolved in a minimum amount of \i/ater 
and p-bromophenacyl bromide (0*5g) in ethanol (10ml) added©
The mixture was refluxed for 1 hour. On cooling to room 
temperature the ester began to precipitate© The solid was 
removed by filtration and dried® The p-bromophenacyl ester 
(210mg) had a m.p* 85-8°, (lit.[6 J, m.p. 87-90°). The 
residue from the distillation of the 4-methylpent-3~enoic 
acid was extracted into chloroform. It was not possible to 
identify any humulinic acid A in the chloroform extract*
The reduction of ethyl 5~ethoxycarbonyl~2,2-dimethyl-5>" 
tetrahydrofurylacetateo
Lithium aluminium hydride (0*15g) was suspended v/ith stirring
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in ether (40ml)o A solution of ethyl 5~ethoxycarbonyl-2 ,2<~ 
dimethyl-^-tetrahydrofurylacetate (0*73g) i*i ether (20ml) 
was added at a rate to maintain gentle refluxing of the 
ether. On complete addition the mixture was refluxed for 
0©5 hours, cooled and acidified with 6N HCI solution until 
strongly acidic* The aqueous acidic layer was removed, washed
with ether, and made strongly alkaline by the addition of 6N
NaOH solution* This alkaline solution was then continuously 
extracted into ether until the fraction being collected 
contained no basic material* The ether extracts were dried 
over anhydrous K^ CO^ s, The solvent was removed by distillation* 
Distillation of the residue under reduced pressure afforded 
2 ,2-dimethyl *>«5rahydroxymethyl~5-hydroxyethyltetrahydrofuran 
(0o125g), bop* 68°/imm,(Found: C, 62*33; H, 10*41. C ^ gO^ 
requires C, 62*02; H, 10*14%). The results of the p.m.r*
spectrum are given in Chapter Five*
The alkylation of 2<t2-dimethyl-5-hydroxymethyl-5—hydroxy- 
ethyltetrahydrofuran with diethyl sulphate.
A solution of 2,2-dimethyl-5~hydroxymethyl«5”,biyti^ oxye'fchyl- 
tetrahydrofuran (0.10g) in 70% ethanol (10ml) was treated 
with diethyl sulphate (ig) and sodium hydroxide (0©5g).
The mixture was stirred at a water-bath temperature of 3 5 ^ 0° 
for 2 hours, cooled and extracted into ether. The combined
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extracts were dried over anhydrous MgSO^. The solvent was 
removed by distillation. Distillation of the residue under 
reduced pressure afforded 2 ,2-dimethyl~5"ethox,ymethyl~5- 
ethoxyethyltetrahydrofuran (0.105g) b.p0 80-4°/1mm, (Found:
C, 67.59; H, 11.24. C H^o requires C, 67.79; H, 11.23%).
i
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